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I.  INTRODUCTION 

Bone  health  is  critical  for  optimal  performance  and  the  prevention  of  fractures  associated 
with  low  bone  mineral  density  (BMD).  The  specific  aims  of  this  two  year  project  that  was 
granted  a  one-year  no-cost  extension  focused  on  using  the  aggregate  data  meta-analytic 
approach  to  (1)  determine  the  overall  effects  of  ground  reaction  force  exercise  on  BMD  at  the 
femoral  neck  (FN)  and  lumbar  spine  (LS)  in  adult  humans  >18  years  of  age,  and  (2)  using 
recently  developed  load  stimulus  data  for  48  different  physical  activities  (walking,  running, 
lower-body  weight  training,  etc.),1  examine  the  dose-response  effects  of  exercise  on  BMD  at 
the  FN  and  LS  in  adult  humans  >18  years  of  age.  The  two-year  funding  period  was  granted  a 
one-year  no-cost  extension  in  order  to  complete  presentations  and  manuscripts. 

II.  BODY 

A.  Statement  of  Work  -  As  can  be  seen  in  the  table  below,  all  approved  work  has  been 
accomplished. 


Task 

Category 

Description 

Status 

1 

Data 

Sources 

Search  for  pertinent  literature  dealing  with  the  effects  of 
exercise  on  bone  mineral  density  in  adults 

Completed 
(Appendix  A) 

2 

Study 

Selection 

Select  studies  that  meet  inclusion  criteria  dealing  with  the 
effects  of  exercise  on  bone  mineral  density  in  adults 

Completed 
(Appendix  B) 

3 

Data 

Abstraction 

Develop  valid  and  reliable  codebooks  and  code  data  dealing 
with  the  effects  of  exercise  on  bone  mineral  density  in  adults 

Completed 
(Appendix  C) 

4 

Statistical 

Analysis 

Analyze  and  interpret  data  dealing  with  the  effects  of 
exercise  on  bone  mineral  density  in  adults 

Completed 
(Appendix  D  &  E) 

5 

Products 

Present  and  publish  results  dealing  with  the  effects  of 
exercise  on  bone  mineral  density  in  adults 

Completed 
(Appendix  D  &  E) 

B.  Study-Specific  Summary  of  Completed  Research 

We  have  learned  much  from  the  two  years  of  funding  and  no-cost  extension  year  that  we 
were  allowed  for  this  project.  As  a  result  of  this  important  support,  we  published  3 
abstracts  from  presentations  (see  Appendix  D)  as  well  as  three  manuscripts  in  peer- 
reviewed  biomedical  journals  (see  Appendix  E).2'4  For  ease  of  understanding  and 
interpretation,  we  have  divided  this  section  into  a  concise  description  regarding  (1)  the 
effects  of  exercise  on  FN  and  LS  BMD  in  postmenopausal  women,"  (2)  the  effects  of 
exercise  on  FN  and  LS  BMD  in  premenopausal  women,3  and  (3)  the  effects  of  exercise 
on  FN  and  LS  BMD  in  men.4 

1.  Exercise  and  BMD  at  the  FN  and  LS  in  postmenopausal  women.  Osteoporosis  is  a 
major  public  health  problem  affecting  an  estimated  200  million  women  worldwide.5 
Congruent  with  osteoporosis  is  an  increased  risk  for  osteoporosis-related  fractures,  especially 
in  women  during  the  postmenopausal  years,  generally  considered  to  begin  around  50  years  of 
age. 6  Comparatively,  the  lifetime  risk  of  an  osteoporosis-related  fracture  in  women  is 
equivalent  to  the  risk  of  developing  cardiovascular  disease.7  The  two  most  common  sites  for 
osteoporosis-related  fractures  are  the  hip  and  the  spine,  with  an  estimated  worldwide 
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prevalence  of  1.1  million  and  862,000,  respectively,  in  women  50  years  of  age  and  older  in 
the  year  2000. 6  In  the  United  States,  the  total  annual  costs  associated  with  osteoporosis- 
related  fractures  were  more  than  $19  billion  in  2005  with  a  predicted  increase  to  $25.3  billion 

o 

in  2025.  The  majority  of  the  costs  in  2005  were  attributed  to  fractures  of  the  hip  (72%) 

o 

followed  by  the  spine  (6%). 

Ground  (for  example,  jogging)  and  joint  reaction  (for  example,  strength  training) 
force  exercise  has  been  recommended  across  the  lifespan.  '  However,  the  results  of 
previous  randomized  controlled  exercise  intervention  trials  have  reached 
conflicting  and  underwhelming  conclusions  regarding  the  effects  of  ground  reaction  and / 
or  joint  reaction  force  exercise  on  BMD  at  the  femoral  neck  (FN)  and  lumbar  spine  (LS) 

1  -5  'in 

in  postmenopausal  women.  '  The  purpose  of  this  study  was  to  use  the  aggregate  data 
meta-analytic  approach  to  determine  the  effects  of  ground  and/or  joint  reaction  force  exercise 
on  BMD  at  the  FN  and  LS  in  postmenopausal  women. 

A  search  of  six  electronic  databases,  cross-referencing  from  retrieved  studies,  hand  searching 
selected  journals,  and  expert  review,  resulted  in  the  inclusion  of  25  of  1,182  studies 
representing  63  groups  (35  exercise,  28  control)  and  up  to  1775  participants  that  met  the 
following  criteria:  (1)  randomized  controlled  trials,  (2)  exercise  intervention  >  24  weeks,  (3) 
comparative  control  group,  (4)  postmenopausal  women,  (5)  participants  not  currently 
participating  in  any  type  of  regular  joint  and/or  ground  reaction  force  exercise,  (6)  published 
and  unpublished  (master’s  theses  and  dissertations)  studies  in  any  language  since  January  1, 
1989  and  (7)  BMD  (relative  value  of  bone  mineral  per  measured  bone  area  or  volume) 
assessed  at  the  FN  and/or  LS  using  dual-energy  x-ray  absorptiometry  (DEXA)  or  dual- 

13  37 

photon  absorptiometry  (DP A).  ' 

Using  a  random-effects  model  and  standardized  effect  sizes  (g)  classified  as  either  trivial 
(<0.20),  small  (>0.20  to  <0.50),  medium  (>0.50  to  <0.80),  or  large  (>0.80), 38  an  overall 
statistically  significant  benefit  (p  =  0.002)  of  ground  and/or  joint  reaction  force  exercise  on 
FN  BMD  was  observed  (Figure  1).  In  addition,  non-overlapping  confidence  intervals  (CIs) 
were  observed.  The  number-needed-to-treat  (NNT)  was  6  with  an  estimated  127,968 
postmenopausal  US  women  experiencing  benefit  in  FN  BMD  if  they  began  and  maintained  a 
regular  exercise  program.  A  statistically  significant  association  between  increases  in  FN 
BMD  and  decreased  compliance  (combined  aerobic  and  strength  training  groups  only), 
decreases  in  BMI,  decreases  in  body  weight  and  decreases  in  percent  body  fat  were  observed 
(p  <  0.05  for  all).  A  trend  (p  <  0.05  but  <  0.10),  for  a  statistically  significant  association  was 
observed  for  increases  in  FN  BMD  and  increases  in  intensity  (strength  only),  increased 
compliance  (strength  training  group  only)  and  increases  in  static  balance.  No  association  was 
found  between  changes  in  FN  BMD  and  load  rating. 
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Figure  1.  Forest  plot  for  changes  in  FN  BMD  among  postmenopausal  women.  The  black  squares  represent  the  standardized 
mean  difference  (g)  while  the  left  and  right  extremes  of  the  squares  represent  the  corresponding  95%  confidence  intervals. 
The  middle  of  the  black  diamond  represents  the  overall  standardized  mean  difference  (g)  while  the  left  and  right  extremes  of 
the  diamond  represent  the  corresponding  95%  confidence  intervals.  For  subgroup,  HRT  means  hormone  replacement 
therapy. 


A  statistically  significant  benefit  and  slightly  overlapping  95%  CIs  were  observed  for  LS 
BMD  (Figure  2).  The  NNT  was  6  with  an  estimated  80,219  postmenopausal  US  women 
maintaining  and/or  increasing  their  LS  BMD  if  they  began  and  maintained  a  regular  exercise 
program.  Meta-regression  analysis  revealed  a  statistically  significant  association  between 
increases  in  LS  BMD  and  older  age,  greater  number  of  years  postmenopausal,  fewer  minutes 
of  training  per  session  (aerobic  groups  only),  fewer  minutes  of  training  per  week,  greater 
intensity  of  training  (strength  only),  increased  compliance  (strength  only),  decreased 
compliance  (combined  aerobic  and  strength  training  only),  increases  in  static  balance, 
decreases  in  BMI,  body  weight  and  percent  body  fat.  A  trend  for  a  statistically  significant 
association  was  found  between  increases  in  LS  BMD  and  smaller  increases  in  aerobic  fitness 
as  well  as  increases  in  lean  body  mass.  No  association  was  found  between  changes  in  LS 
BMD  and  load  rating. 
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Figure  2.  Forest  plot  for  changes  in  LS  BMD  among  postmenopausal  women.  The  black  squares  represent  the  standardized 
mean  difference  (g)  while  the  left  and  right  extremes  of  the  squares  represent  the  corresponding  95%  confidence  intervals. 
The  middle  of  the  black  diamond  represents  the  overall  standardized  mean  difference  (g)  while  the  left  and  right  extremes  of 
the  diamond  represent  the  corresponding  95%  confidence  intervals.  For  subgroup,  FIRT  means  hormone  replacement 
therapy. 


The  overall  results  suggest  that  ground  and  joint  reaction  force  exercise  may  result  in 
clinically  important  benefits  in  FN  and  LS  BMD  in  postmenopausal  women,  with  results 
more  convincing  for  FN  BMD.  Based  on  previous  prediction  models,39  the  exercise- 
induced  changes  in  BMD  observed  at  the  FN  and  LS  in  the  current  meta-analysis  would 
reduce  the  20-year  relative  risk  of  osteoporotic  fracture  at  any  site  by  approximately  11% 
and  10%,  respectively. 


Several  interesting  associations  were  found  when  simple  meta-regression  was  performed  for 
changes  in  FN  and  LS  BMD.  For  both  FN  and  LS  BMD,  greater  increases  were  associated 
with  both  greater  intensity  and  compliance  in  the  strength  training  (joint-reaction  force) 
groups.  These  findings  suggest  that  greater  loads  per  repetition  as  well  as  greater  adherence 
may  provide  greater  benefit  to  FN  and  LS  BMD.  Greater  improvements  in  both  FN  and  LS 
BMD  were  also  associated  with  increases  in  static  balance.  These  associations  may  be 
especially  important  for  reducing  the  risk  of  falling  as  well  as  subsequent  fracture  risk. 
Greater  increases  in  both  FN  and  LS  BMD  were  also  associated  with  decreases  in  BMI, 
body  weight  and  percent  body  fat.  In  addition,  increases  in  LS  BMD  were  associated  with 
increases  in  LBM.  All  of  these  associations  may  be  reflective  of  greater  exercise  effort.  The 


inverse  association  between  increases  in  both  FN  and  LS  BMD  with  poorer  compliance  to 
aerobic  and  strength  training  protocols  may  be  nothing  more  than  the  play  of  chance. 
Alternatively,  studies  with  poorer  compliance  may  have  yielded  greater  benefits  in  FN  and 
LS  BMD  because  of  the  greater  overall  volume  of  training  prescribed.  For  LS  BMD,  the 
positive  association  between  increases  in  LS  BMD  and  older  age  as  well  as  a  greater 
number  of  years  postmenopausal  may  be  the  result  of  lower  initial  levels  of  BMD.  However, 
we  found  no  association  between  baseline  LS  BMD  and  changes  in  LS  BMD.  The  negative 
associations  between  increases  in  LS  BMD  with  shorter  duration  and  total  minutes  of 
training  per  week  for  aerobic  exercise  studies  may  help  to  reinforce  the  belief  that  shorter 
duration  activities  such  as  jumping  may  be  more  beneficial  to  LS  BMD  than  activities  such 
as  walking.11  One  potential  reason  for  this  negative  association  may  be  the  result  of  calcium 
loss  from  excessive  sweating  in  longer  duration  and/or  higher  intensity  activities.40'41  This 
causes  a  decrease  in  serum  calcium  followed  by  an  increase  in  serum  parathyroid  honnone, 
which  then  stimulates  bone  resorption40’41  While  these  findings  are  interesting,  further 
research  is  needed  before  any  firm  conclusions  can  be  drawn. 

A  major  interest  of  the  investigative  team  was  to  examine  the  dose-response  relationship 
between  changes  in  FN  and  LS  BMD  and  exercise  load  ratings  in  postmenopausal  women. 
While  we  found  no  significant  association  between  changes  in  FN  and  LS  BMD  and  load 
ratings,  these  associations  were  based  on  general  categorical  estimates  versus  estimates 
specific  to  each  activity.1  The  decision  to  use  categorical  estimates  was  based  on  the 
inability  to  accurately  calculate  load  ratings  for  those  studies  that  involved  multiple  types  of 
activities.  In  addition,  the  algorithm  used  requires  further  testing,  improvement  and 
validation.1  Future  research  should  also  focus  on  developing  fonnulas  for  accurately 
calculating  load  ratings  from  data  typically  provided  in  randomized  controlled  intervention 
trials.  Ideally,  individual  studies  should  collect  and  report  force  data  in  all  exercise 
interventions.  However,  the  accurate  measurement  of  such  may  be  challenging  for  some 
activities.11  Until  additional  dose-response  research  is  conducted,  it  would  appear  plausible 
to  suggest  that  postmenopausal  women  adhere  to  the  exercise  guidelines  from  the  American 
College  of  Sports  Medicine.12  These  include  weight-bearing  endurance  activities  3  to  5 
times  per  week  as  well  as  resistance  exercise  2  to  3  times  per  week.  However,  it  will  be 
particularly  important  for  future  dose-response  studies  to  detennine  whether  increased 
duration  of  aerobic  exercise  diminishes  the  potential  skeletal  benefits,  as  suggested  by  the 
current  regression  analyses. 

In  conclusion,  the  overall  findings  of  this  aggregate  data  meta-analysis  suggest  that 
exercise  may  result  in  clinically  relevant  benefits  to  FN  and  LS  BMD  in  postmenopausal 
women.  However,  future  research  regarding  the  dose-response  relationship  between  exercise 
and  FN  and  LS  BMD  are  needed. 

Details  regarding  the  aforementioned  study  in  postmenopausal  women  can  be  found 
in  the  manuscript  located  in  Appendix  E,  pages  287-305, 

2.  Exercise  and  BMD  at  the  FN  and  LS  in  premenopausal  women.  Maintaining  optimal 
bone  mineral  density  (BMD)  levels  during  the  premenopausal  years  is  important  for  reducing 
the  risk  of  osteoporosis  and  subsequent  fractures  during  the  postmenopausal  years,  with 
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relative-risk  increases  ranging  from  1.5  to  3.0  42  In  addition,  the  prevalence  of  osteopenia  and 
osteoporosis  has  been  reported  to  be  15%  and  0.6%,  respectively,  in  premenopausal 
women.43  Furthermore,  it  has  been  estimated  that  the  loss  of  BMD  ranges  from  0.25%  to  1% 
per  year  in  premenopausal  women.42  While  pharmacologic  therapy  is  usually  contraindicated 
in  premenopausal  women,  reliance  on  lifestyle  factors  is  almost  always  recommended.42,44 
One  potentially  effective  lifestyle  approach  for  achieving  this  goal  is  exercise,  a  low-cost, 
non-pharmacologic  intervention  that  is  available  to  the  vast  majority  of  the  population.  The 
purpose  of  this  study  was  to  use  the  aggregate  data  meta-analytic  approach  to  determine  the 
overall  effects,  as  well  as  potential  moderators  and  predictors  of,  ground  and  joint  reaction 
force  exercise  on  FN  and  LS  BMD  in  premenopausal  women. 

A  search  of  six  electronic  databases,  cross-referencing  from  retrieved  studies,  hand  searching 
selected  journals,  and  expert  review,  resulted  in  7  of  1,055  studies  representing  17  groups  (10 
exercise,  7  control)  and  521  participants  (269  exercise,  252  control)  that  met  the  following 
inclusion  criteria:  (1)  randomized  trials  with  a  comparative  control  group,  (2)  premenopausal 
women,  (3)  participants  not  engaged  in  a  regular  exercise  program  prior  to  study  enrollment, 
(4)  ground  and/or  joint  reaction  force  exercise  intervention  of  at  least  24  weeks,  (5)  published 
and  unpublished  (master’s  theses  and  dissertations)  studies  since  January  1989,  and  (6)  data 
available  for  changes  in  BMD  at  the  FN  and/or  LS  and  assessed  using  dual-energy  X-ray 
absorptiometry  (DEXA)  or  dual-photon  absorptiometry  (DP A).  Any  studies  not  meeting  all 
six  criteria  were  excluded.45'51 

Using  a  random-effects  model  and  standardized  effect  sizes  (g)  classified  as  either  trivial 
(<0.20),  small  (>0.20  to  <0.50),  medium  (>0.50  to  <0.80),  or  large  (>0.80), 38  statistically 
significant  (p  =  0.03)  benefits  with  non-overlapping  Cl’s  were  observed  for  FN  BMD  (Figure 
3).  Changes  were  equivalent  to  a  1.1%  benefit  (0.4%  increase  in  the  exercise  groups,  -0.7% 
decrease  in  the  control  groups).  The  NNT  was  5. 


Study  name 

Group 

Statistics  for  each  study 

Hedges's 

Lower 

Upper 

9 

limit 

limit 

Bailey  and  Brooke- Wavell,  2010 

2  days  per  week 

0.269 

-0.399 

0.937 

Bailey  and  Brooke- Wavell,  2010 

4  days  per  week 

0.655 

-0.069 

1.378 

Bailey  and  Brooke- Wavell,  2010 

7  days  per  week 

1.076 

0.365 

1.787 

Friedlander  et  at,  1995 

None 

0.538 

0.035 

1.041 

Heinonen  et  at,  1996 

None 

0.379 

-0.054 

0.812 

Liang  et  at,  20 11 

Step  aerobics 

0.051 

-0.607 

0.708 

Liang  et  at,  2011 

Strength  training 

0.494 

-0.185 

1.174 

Lohman  et  at,  1995 

None 

0.224 

-0.314 

0.762 

Warren  et  at,  2008 

None 

0.000 

-0.322 

0.322 

0.342 

0.132 

0.553 

Hedges's  g  and  95%  Cl 


-1 

Control 


Figure  3.  Forest  plot  for  changes  in  FN  BMD  among  premenopausal  women.  The  black  squares  represent  the  standardized 
mean  difference  (g)  while  the  left  and  right  extremes  of  the  squares  represent  the  corresponding  95%  confidence  intervals. 
The  middle  of  the  black  diamond  represents  the  overall  standardized  mean  difference  (g)  while  the  left  and  right  extremes  of 
the  diamond  represent  the  corresponding  95%  confidence  intervals. 


There  was  a  trend  (p  >  0.05  to  <  0.10)  for  greater  benefits  in  FN  BMD  for  those 
participating  in  home  versus  facility-based  exercise.  A  statistically  significant  (  p  <  0.05) 
and  positive  relationship  was  observed  between  benefits  in  FN  BMD  and  the  number  of  sets 
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performed  when  resistance  training  while  an  inverse  relationship  was  observed  for  exercise 
frequency.  A  trend  for  statistical  significance  was  observed  for  greater  benefits  in  FN  BMD 
and  (1)  shorter  exercise  interventions,  (2)  lower  initial  FN  BMD,  (3)  increases  in  body 
weight,  and  (4)  decreases  in  upper  body  strength.  Load  rating  was  not  associated  with 
changes  in  FN  BMD. 

With  one  outlier  deleted  from  the  model,  statistically  significant  benefits  along  with  non¬ 
overlapping  confidence  intervals  were  observed  between  exercise  and  changes  in  LS  BMD 
(Figure  4).  The  NNT  was  9.  A  trend  for  a  statistically  significant  association  was  observed 
for  greater  benefits  in  LS  BMD  and  earlier  published  studies.  No  statistically  significant 
association  was  found  between  load  rating  and  changes  in  LS  BMD. 


Study  name 

Group 

Statistics  for  each  study 

Hedges's 

Lower 

Upper 

9 

limit 

limit 

Friedlander  et  at,  1995 

None 

0.409 

-0.09 

0.908 

Heinonen  et  al.;  1996 

None 

0.323 

-0.109 

0.754 

Liang  et  al.,  2011 

Step  aerobics 

-0.035 

-0.693 

0.622 

Liang  et  al.,  2011 

Strength  training 

-0.183 

-0.854 

0.488 

Lohman  et  al.,  1995 

None 

0.381 

-0.16 

0.921 

Warren  et  at,  2008 

None 

0.129 

-0.193 

0.452 

0.201 

0.009 

0.394 

Hedges's  g  and  95%  Cl 


-1.5 


1.5 


Figure  4.  Forest  plot  for  changes  in  LS  BMD  among  premenopausal  women.  The  black  squares  represent  the  standardized 
mean  difference  (g)  while  the  left  and  right  extremes  of  the  squares  represent  the  corresponding  95%  confidence  intervals. 
The  middle  of  the  black  diamond  represents  the  overall  standardized  mean  difference  (g)  while  the  left  and  right  extremes  of 
the  diamond  represent  the  corresponding  95%  confidence  intervals. 


The  overall  findings  suggest  that  exercise  results  in  small  but  statistically  significant  benefits 
in  both  FN  and  LS  BMD.  In  addition,  moderator  analyses  resulted  in  a  trend  for  greater 
benefits  on  FN  BMD  when  exercise  took  place  in  the  home  versus  a  facility.  Since  the 
investigative  team  is  not  aware  of  any  consensus  in  the  literature  regarding  which  location  is 
superior,  future  research  in  this  area  appears  warranted. 

Simple  meta-regression  analyses  resulted  in  several  noteworthy  associations  that  may  be 
appropriate  for  future  investigation.  Specifically,  there  was  a  trend  for  greater  increases  in 
FN  BMD  with  shorter  exercise  interventions  as  well  as  a  statistically  significant  association 
between  increases  in  FN  BMD  and  fewer  days  per  week  of  exercise.  One  possible 
explanation  for  the  negative  associations  observed  may  have  to  do  with  the  loss  of  calcium 
from  excessive  exercise.40’41  This  causes  a  decrease  in  serum  calcium,  followed  by  an 
increase  in  serum  parathyroid  hormone,  which  then  stimulates  bone  resorption.40,41  However, 
no  association  was  observed  between  changes  in  FN  BMD  and  duration  of  training  as  well  as 
exercise  load  rating.  Thus,  while  these  findings  are  interesting,  further  dose-response 
research  is  needed  before  any  firm  conclusions  can  be  drawn.  For  resistance  training,  greater 
increases  in  FN  BMD  were  associated  with  a  greater  number  of  sets.  Since  sweating  as  a 
result  of  resistance  training  is  usually  not  as  great  as  that  from  aerobic  exercise,  it  may  be  that 
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a  greater  but  undetermined  amount  of  resistance  training  is  needed  to  increase  FN  BMD  in 
premenopausal  women.  However,  no  association  was  found  between  the  number  of  exercises 
performed  and  changes  in  FN  BMD.  Given  the  former,  it  would  appear  appropriate  to 
suggest  that  future  dose-response  studies  are  needed  to  address  this  issue.  Until  that  time,  it 
would  appear  plausible  to  suggest  adherence  to  current  exercise  guidelines  for  optimizing 
BMD  in  adults.12 

The  trend  for  greater  benefits  in  FN  BMD  and  lower  baseline  BMD  at  the  FN  suggests  that 
those  with  lower  FN  BMD  may  derive  the  greatest  benefits  as  a  result  of  exercise.  This 
finning  would  seem  to  be  entirely  reasonable.  The  trend  for  increases  in  FN  BMD  to  be 
associated  with  increases  in  body  weight  supports  well-established  research  regarding  greater 
BMD  in  heavier  adult  humans.  Other  than  chance,  the  investigative  team  has  no  plausible 
explanation  for  the  observed  association  between  increases  in  FN  BMD  and  smaller  increases 
in  upper  body  strength.  Finally,  there  was  a  trend  for  greater  benefits  in  LS  BMD  for  those 
studies  published  during  the  earlier  years.  This  observed  association  may  be  reflective  of 
improved  study  designs  in  more  recent  years. 

In  conclusion,  the  overall  findings  of  the  current  meta-analysis  provide  additional  support 
regarding  the  benefits  of  exercise,  including  NNT  estimates  to  aid  decision  makers  regarding 
the  utility  of  exercise  for  improving  FN  and  LS  BMD  in  premenopausal  women.  In  addition, 
this  study  provides  first-time  meta-analytic  evidence,  when  limited  to  randomized  controlled 
trials,  of  potential  moderators  and  predictors  with  respect  to  changes  in  FN  and  LS  BMD 
which  appears  worthy  of  pursuing  in  future  well-designed  randomized  controlled  trials.  The 
inability  of  the  current  meta-analysis  to  provide  a  definitive  exercise  prescription  warrants 
further  research. 

Details  regarding  the  aforementioned  study  in  premenopausal  women  can  be  found  in 
the  manuscript  located  in  Appendix  E,  pages  306-321. 

3.  Exercise  and  BMD  at  the  FN  and  LS  in  men.  While  the  prevalence  of  osteopenia  and 
osteoporosis  is  more  common  in  women  than  men,  the  burden  of  this  problem  among  men 
is  still  substantial.  For  example,  recent  data  from  the  US  National  Center  for  Health  Statistics 
reported  that  the  age-adjusted  prevalence  of  osteopenia  among  US  men  50  years  of  age  and 
older  was  38%  while  the  age-adjusted  prevalence  for  osteoporosis  was  4%.  Using  2010 
population  estimates  from  the  US  Census  Bureau,  this  means  that  approximately  16.8 
million  US  men  50  years  of  age  and  older  currently  have  osteopenia  while  more  than  1.7 
million  have  osteoporosis.  One  potential,  low-cost,  readily  available  non-phannacologic 
approach  for  maintaining  optimal  BMD  levels  in  men  is  exercise.  The  purpose  of  this  study 
was  to  use  the  aggregate  data  meta-analytic  approach  to  examine  the  effects  of  exercise  on 
FN  and  LS  BMD  in  men. 

A  search  of  six  electronic  databases,  cross-referencing  from  retrieved  studies,  hand  searching 
selected  journals,  and  expert  review  resulted  in  3  of  1,055  studies  representing  9  groups  (five 
exercise  and  four  control)  and  275  participants  (152  exercise,  123  control)  that  met  the 
following  inclusion  criteria:  (1)  randomized  trials  with  a  comparative  control  group,  (2)  men 
18  years  of  age  and  older,  (3)  participants  not  taking  part  in  regular  exercise  prior  to  study 
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enrollment,  (4)  ground  and/or  joint  reaction  force  exercise  intervention  of  at  least  24  weeks, 
(5)  published  and  unpublished  (master's  theses  and  dissertations)  studies  since  January  1989, 
and  (6)  data  available  for  changes  in  FN  and/or  LS  BMD  as  assessed  by  dual-energy  X-ray 
absorptiometry  (DEXA)  or  dual-photon  absorptiometry  (DP A). 

Using  a  random-effects  model  and  standardized  effect  sizes  (g)  classified  as  either  trivial 
(<0.20),  small  (>0.20  to  <0.50),  medium  (>0.50  to  <0.80),  or  large  (>0.80), 38  a  statistically 
significant  improvement  was  found  at  the  FN  (3  g's,  187  participants,  g=0.583,  p=0.04) 
(Figure  5).  However,  results  were  sensitive  to  influence  analysis  as  well  as  collapsing 
multiple  groups  from  the  same  studies  so  that  only  one  g  represented  each  study.  Given  the 
small  sample  size,  we  were  unable  to  conduct  any  type  of  moderator  or  regression  analyses. 


Study  name 

Subgroup  within  study 

Statistics  for  each  study 

Hedges's 

Lower 

Upper 

9 

limit 

limit 

Kukuljan  et  al.,  2011 

exercise  and  milk 

0.911 

0.467 

1.355 

Kukuljan  etal.,  2011 

exercise  only 

0.727 

0.291 

1.164 

Zeilman  III,  2007 

none 

-0.454 

-1.500 

0.592 

0.583 

0.031 

1.135 

Hedges's  g  and  95%  Cl 


■2.00  -1.00  0.00  1.00  2.00 


Favors  Control  Favors  Exercise 


Figure  5.  Forest  plot  for  changes  in  FN  BMD  in  men.  The  black  squares  represent  the  standardized  mean  difference  (g)  while 
the  left  and  right  extremes  of  the  squares  represent  the  corresponding  95%  confidence  intervals.  The  middle  of  the  black 
diamond  represents  the  overall  standardized  mean  difference  (g)  while  the  left  and  right  extremes  of  the  diamond  represent 
the  corresponding  95%  confidence  intervals. 


While  not  statistically  significant,  a  trend  for  statistical  significance  was  observed  for 
exercise-induced  benefits  in  LS  BMD  (5  g's,  275  participants,  g=0.190,  p=0.10)  (Figure  6). 
However,  results  were  sensitive  to  influence  analysis  as  well  as  collapsing  multiple  groups 
from  the  same  studies  so  that  only  one  g  represented  each  study.  Similar  to  FN  BMD, 
results  were  sensitive  to  influence  analysis  as  well  as  collapsing  multiple  groups  from  the 
same  studies  so  that  only  one  g  represented  each  study.  We  were  unable  to  conduct  any 
type  of  moderator  or  regression  analyses  because  of  the  small  sample  size. 


While  a  statistically  significant  benefit  of  exercise  was  observed  in  FN  BMD  and  a  trend  in 
LS  BMD,  the  findings  for  both  were  sensitive  to  influence  analysis  and/or  collapsing 
multiple  groups  from  the  same  study  so  that  only  one  g  represented  each  study.  Thus,  given 
the  small  number  of  g's  included  and  the  instability  of  results,  it  is  believed  that  there  is 
currently  insufficient  evidence  to  recommend  exercise  as  a  singular  intervention  for 
improving  and/or  maintaining  FN  and  LS  BMD  in  men.  However,  similar  to  recent  clinical 
practice  guidelines  by  the  Endocrine  Society  on  osteoporosis  in  men,54  it  is  suggested  that 
men,  especially  those  at  risk  for  osteoporosis,  participate  in  regular  exercise.  While  the 
Endocrine  Society  guidelines  suggest  that  men  participate  in  weight  bearing,  i.e.,  ground 
reaction  force  exercise,  three  to  four  times  per  week  for  30  to  40  min  per  session,  the 
American  College  of  Sports  Medicine  Position  Statement  suggests  that  adults  participate  in 
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Study  name 

Subgroup  within  study 

Statistics  for  each  study 

Hedges's 

Lower 

Upper 

g 

limit 

limit 

Hong,  2004 

tai  chi 

0.267 

-0.246 

0.780 

Hong,  2004 

weight  training 

0.172 

-0.344 

0.687 

Kukuljan  et  al.,  2011 

exercise  and  milk 

-0.088 

-0.511 

0.334 

Kukuljan  et  al.,  201 1 

exercise  only 

0.436 

0.009 

0.864 

Zeiiman  III,  2007 

none 

0.181 

-0.854 

1.216 

0.190 

-0.036 

0.416 

Hedges's  g  and  95%  Cl 


-2.00  -1.00  0.00  1.00  2.00 


Favors  Control  Favors  Exercise 


Figure  6.  Forest  plot  for  changes  in  LS  BMD  in  men.  The  black  squares  represent  the  standardized  mean  difference  (g)  while 
the  left  and  right  extremes  of  the  squares  represent  the  corresponding  95%  confidence  intervals.  The  middle  of  the  black 
diamond  represents  the  overall  standardized  mean  difference  (g)  while  the  left  and  right  extremes  of  the  diamond  represent 
the  corresponding  95%  confidence  intervals 


ground  reaction  force  exercise,  i.e.,  weight  bearing  endurance  exercise,  3  to  5  times  per  week 
for  30  to  60  min  per  session  as  well  as  joint  reaction  force  exercise,  i.e.,  weight  training,  2  to 
3  times  per  week.12  Despite  the  current  lack  of  convincing  evidence  to  support  the  use  of 
exercise  for  improving  and/or  maintaining  FN  and  LS  BMD  in  men,  it  would  seem  plausible 
that  adherence  to  the  latter  would  be  more  appropriate,  especially  given  the  other  benefits 
and  minimal  risk  derived  from  participation  in  both.12’55  Finally,  it  is  clear  that  additional 
randomized  controlled  trials  addressing  the  effects  of  exercise  on  FN  and  LS  BMD  in  men 
are  needed.  This  recommendation  is  consistent  with  the  2008  US  Department  of  Health  and 
Human  Services  Physical  Activity  Guidelines  for  Americans.1 1 

In  conclusion,  there  is  currently  insufficient  evidence  at  this  time  to  recommend  ground 
and/or  joint  reaction  force  exercise  for  improving  and/or  maintaining  FN  and  LS  BMD  in 
men.  Additional  well-designed  randomized  controlled  trials  in  men  are  needed  before  any 
final  recommendations  can  be  fonnulated. 

Details  regarding  the  aforementioned  study  in  men  can  be  found  in  the 
manuscript  located  in  Appendix  E,  pages  322-330. 

III.  KEY  RESEARCH  ACCOMPLISHMENTS  FOR  PROJECT  PERIOD 

A.  Developed  an  electronic  search  strategy  for  potentially  eligible  studies  (Appendix  A). 

B.  Developed  a  reference  database  of  intervention  studies  dealing  with  the  effects  of 
exercise  on  FN  and  LS  BMD  in  adults  (Appendix  B). 

C.  Developed  code  book  and  coded  data  for  all  eligible  intervention  studies  dealing  with 
the  effects  of  exercise  on  FN  and  LS  BMD  in  adults  (Appendix  C). 

D.  Published  and  presented  three  abstracts  dealing  with  the  effects  of  exercise  intervention 
studies  on  FN  and  LS  BMD  in  adults  (Appendix  D). 

E.  Published  three  meta-analytic  papers  dealing  with  the  effects  of  exercise  intervention 
studies  on  FN  and  LS  BMD  in  adults  (Appendix  E). 
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IV.  REPORTABLE  OUTCOMES  FOR  PROJECT  PERIOD 

A.  Published  Abstracts  of  Presentations  (Appendix  D) 

1.  Kelley  G,  Kelley  K,  Kohrt  W.  (2012).  Effects  of  ground  and  joint  reaction  force  exercise  on 
lumbar  spine  and  femoral  neck  bone  mineral  density  in  postmenopausal  women:  a  meta¬ 
analysis  of  randomized  controlled  trials.  Arthritis  and  Rheumatism.  64(  1 0) :  S 1 0 1 4-S 1 015. 

(Pages  281-282  of  Appendix) 

2.  Kelley  GA,  Kelley  KS,  Kohrt  WM.  (2013)  Exercise  and  bone  mineral  density  in 
premenopausal  women:  A  meta-analysis  of  randomized  controlled  trials.  Medicine  and  Science 
in  Sports  and  Exercise.  1206.  (Pages  283-284  of  Appendix) 

3.  Kelley  GA,  Kelley  KS,  Kohrt  WM.  (2013)  Exercise  and  bone  mineral  density  in  men:  A 
meta-analysis  of  randomized  controlled  trials.  Medicine  and  Science  in  Sports  and  Exercise. 

1599.  (Page  285  of  Appendix) 

B.  Articles  Published  (Appendix  E) 

1.  Kelley  G,  Kelley  K,  Kohrt  W.  (2012).  Effects  of  ground  and  joint  reaction  force 
exercise  on  lumbar  spine  and  femoral  neck  bone  mineral  density  in  postmenopausal 
women:  a  meta-analysis  of  randomized  controlled  trials.  BMC  Musculoskeletal 
Disorders.  13(1):  Article  ID  177,  1-19.  (Pages  287-305  of  Appendix) 

2.  Kelley  GA,  Kelley  KS,  Kohrt  WM.  Exercise  and  bone  mineral  density  in  premenopausal 
women:  A  meta-analysis  of  randomized  controlled  trials.  International  Journal  of 
Endocrinology  2013,  Article  ID  741639,  1-16.  201.  (Pages  306-321  of  Appendix) 

3.  Kelley  GA,  Kelley  KS,  Kohrt  WM.  Exercise  and  bone  mineral  density  in  men:  A  meta- 
of  randomized  controlled  trials.  Bone.  53:103-1 1 1.  (Pages  322-330  of  Appendix) 

C.  Personnel  (Paid) 

1.  Dr.  George  A.  Kelley,  FACSM  -  Principal  Investigator 

2.  Kristi  Sharpe-Kelley,  M.Ed.  -  Research  Technician 

3.  Dr.  Wendy  Kohrt  -  Consultant 

V.  CONCLUSIONS  FOR  PROJECT  PERIOD 
A.  Implications  of  Completed  Research 

The  overall  results  of  our  research  led  us  to  the  following  major  conclusions: 

1 .  Exercise  increases  and  maintains  FN  and  LS  BMD  in  postmenopausal  women. 

2.  Exercise  increases  and  maintains  FN  and  LS  BMD  in  premenopausal  women. 

3.  While  promising,  there  is  currently  insufficient  evidence  to  recommend  exercise  as 
being  beneficial  for  FN  and  LS  BMD  in  men. 
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4.  Weight-bearing  endurance  activities  3  to  5  times  per  week  as  well  as  resistance 
exercise  2  to  3  times  per  week  should  benefit  FN  and  LS  BMD.12 

B.  Suggestions  for  Future  Research 

Based  on  our  findings,  we  recommend  the  following  areas  in  which  additional  research 

is  needed: 

1.  Additional  randomized  controlled  trials  addressing  the  dose-response  effects  of 
exercise  on  FN  and  LS  BMD  in  adult  men  and  women  of  all  ages. 

2.  Additional  randomized  controlled  trials  addressing  the  overall  effects  of  exercise  on 
FN  and  LS  BMD  in  men. 

3.  The  development  of  more  valid  and  reliable  load  rating  instruments  that  can  easily 
be  applied  in  randomized  controlled  exercise  intervention  trials. 

B.  So  What? 

Osteoporosis  and  osteopenia  are  major  public  health  problems  among  both  men  and 
women.  The  results  of  our  research  suggest  that  exercise  can  benefit  FN  and  LS  BMD  in 
pre  and  postmenopausal  women.  These  benefits  may  reduce  the  risk  for  subsequent 
fracture. 
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APPENDIX  A 
Database  Search  Strategies 


1.  Medline 

#  Query  Limiters/Expanders  Last  Run  Via  Results 

S7  (s3  and  s6)  Limiters  -  Date  of  Publication  from:  19890101-20100631; 

Human;  Age  Related:  All  Adult:  19+  years 

Search  modes  -  Lind  all  my  search  tenns  Interface  -  EBSCOhost 

Search  Screen  -  Advanced  Search 

Database  -  MEDLINE  402 

S6  (s4  or  s5)  Limiters  -  Date  of  Publication  from:  19890101-20100631; 

Human;  Age  Related:  All  Adult:  19+  years 

Search  modes  -  Find  all  my  search  tenns  Interface  -  EBSCOhost 

Search  Screen  -  Advanced  Search 

Database  -  MEDLINE  387298 

S5  TX  clinical  wl  trial*  Limiters  -  Date  of  Publication  from: 
19890101-20100631;  Human;  Age  Related:  All  Adult:  19+  years 
Search  modes  -  Find  all  my  search  terms  Interface  -  EBSCOhost 
Search  Screen  -  Advanced  Search 
Database  -  MEDLINE  324417 

S4  TX  random*  wl  control*  Limiters  -  Date  of  Publication  from: 
19890101-20100631;  Human;  Age  Related:  All  Adult:  19+  years 
Search  modes  -  Find  all  my  search  tenns  Interface  -  EBSCOhost 
Search  Screen  -  Advanced  Search 
Database  -  MEDLINE  211688 

S3  (si  and  s2)  Limiters  -  Date  of  Publication  from:  19890101-20100631; 

Human;  Age  Related:  All  Adult:  19+  years 

Search  modes  -  Find  all  my  search  tenns  Interface  -  EBSCOhost 

Search  Screen  -  Advanced  Search 

Database  -  MEDLINE  1672 

S2  (MH  "bone  density")  or  TX  bone  wl  densit*  Limiters  -  Date  of 
Publication  from:  19890101-20100631;  Human;  Age  Related:  All  Adult:  19+ 
years 

Search  modes  -  Find  all  my  search  terms  Interface  -  EBSCOhost 
Search  Screen  -  Advanced  Search 
Database  -  MEDLINE  21414 

SI  MH  exercise  or  TX  exercise  Limiters  -  Date  of  Publication  from: 
19890101-20100631;  Human;  Age  Related:  All  Adult:  19+  years 
Search  modes  -  Find  all  my  search  tenns  Interface  -  EBSCOhost 
Search  Screen  -  Advanced  Search 
Database  -  MEDLINE  82574 
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2.  Cochrane  Database  of  Controlled  Clinical  Trials 

(exercise):ti,ab,kw  and  (bone  NEAR/1  densit*):ti,ab,kw  and  (random*  NEAR/1 
control*):ti,ab,kw  and  (human):ti,ab,kw,  from  1989  to  2010  in  Clinical  Trials 

3.  Dissertation  Abstracts  Online 

(kw:  exercise  and  kw:  bone  and  kw:  densit*)  and  kw:  random* 
years  1989-2010 

4.  Embase 


Set 

Items 

Description 

SI 

224518 

EXERCISE  OR  EXERCISE/DE 

S2 

41847 

BONE(W)DENSIT?  OR  BONE(W)DENSITY/DE 

S3 

2630 

SI  AND  S2 

S4 

294309 

RANDOM?  ( W)C  ONTROL? 

S5 

868757 

CLINICAL(W)TRIAL? 

S6 

894597 

S4  OR  S5 

S7 

585 

S3  AND  S6 

S8 

578 

S7/HUMAN 

S9 

577 

S8  AND  PY=1989:2010 

S10 

296 

S9  AND  DT=ARTICLE 

Sll 

296 

S10  NOT  DT=EDITORIAL 

S13 

54 

FS=MEDLINE  AND  S 1 1 

5.  CINAHL 

#  Query  Limiters/Expanders  Last  Run  Via  Results 

S7  (s3  and  s6)  Search  modes  -  Find  all  my  search  tenns  Interface  - 
EBSCOhost 

Search  Screen  -  Advanced  Search 
Database  -  CINAHL  with  Full  Text  224 

S6  (s4  or  s5)  Search  modes  -  Find  all  my  search  tenns  Interface  - 
EBSCOhost 

Search  Screen  -  Advanced  Search 

Database  -  CINAHL  with  Full  Text  41070 

S5  (MH  "Clinical  Trials+")  Limiters  -  Published  Date  from: 

19890101-20100631;  Human;  Age  Groups:  All  Adult 

Search  modes  -  Find  all  my  search  terms  Interface  -  EBSCOhost 

Search  Screen  -  Advanced  Search 

Database  -  CINAHL  with  Full  Text  35755 

S4  TX  random*  wl  control*  Limiters  -  Published  Date  from: 

19890101-20100631;  Human;  Age  Groups:  All  Adult 

Search  modes  -  Find  all  my  search  terms  Interface  -  EBSCOhost 
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Search  Screen  -  Advanced  Search 
Database  -  CINAHL  with  Full  Text  13913 

S3  (si  and  s2)  Limiters  -  Published  Date  from:  19890101-20100631;  Human; 
Age  Groups:  All  Adult 

Search  modes  -  Find  all  my  search  terms  Interface  -  EBSCOhost 
Search  Screen  -  Advanced  Search 
Database  -  CINAHL  with  Full  Text  672 

S2  (NH  "bone  density")  or  TX  bone  wl  densit*  Limiters  -  Published  Date 

from:  19890101-20100631;  Human;  Age  Groups:  All  Adult 

Search  modes  -  Find  all  my  search  tenns  Interface  -  EBSCOhost 

Search  Screen  -  Advanced  Search 

Database  -  CINAHL  with  Full  Text  2392 

SI  MH  exercise  or  TX  exercise  Limiters  -  Published  Date  from: 

19890101-20100631;  Human;  Age  Groups:  All  Adult 

Search  modes  -  Find  all  my  search  terms  Interface  -  EBSCOhost 

Search  Screen  -  Advanced  Search 

Database  -  CINAHL  with  Full  Text  29586 

6.  SportDiscus 

#  Query  Limiters/Expanders  Last  Run  Via  Results 

Sll  (s7  and  slO)  Limiters  -  Published  Date:  19890101-20100631 

Search  modes  -  Find  all  my  search  terms  Interface  -  EBSCOhost 

Search  Screen  -  Advanced  Search 

Database  -  SPORTDiscus  with  Full  Text  300 

SlO  (s8  or  s9)  Limiters  -  Published  Date:  19890101-20100631 

Search  modes  -  Find  all  my  search  terms  Interface  -  EBSCOhost 

Search  Screen  -  Advanced  Search 

Database  -  SPORTDiscus  with  Full  Text  135179 

S9  (teenager*  or  adolescen*  or  teen*  or  adult  or  senior  or  aged  or 

geriatric  or  geriatrics  or  elder  or  elderly)  Limiters  -  Published  Date: 

19890101-20100631 

Search  modes  -  Find  all  my  search  terms  Interface  -  EBSCOhost 

Search  Screen  -  Advanced  Search 

Database  -  SPORTDiscus  with  Full  Text  84621 

S8  human  Limiters  -  Published  Date:  19890101-20100631 

Search  modes  -  Find  all  my  search  terms  Interface  -  EBSCOhost 

Search  Screen  -  Advanced  Search 

Database  -  SPORTDiscus  with  Full  Text  59183 

S7  (s3  and  s6)  Limiters  -  Published  Date:  19890101-20100631 

Search  modes  -  Find  all  my  search  terms  Interface  -  EBSCOhost 

Search  Screen  -  Advanced  Search 

Database  -  SPORTDiscus  with  Full  Text  639 

S6  (s4  or  s5)  Limiters  -  Published  Date:  19890101-20100631 

Search  modes  -  Find  all  my  search  terms  Interface  -  EBSCOhost 

Search  Screen  -  Advanced  Search 
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Database  -  SPORTDiscus  with  Full  Text  23853 

S5  TX  clinical  wl  trial*  Limiters  -  Published  Date:  19890101-20100631 

Search  modes  -  Find  all  my  search  terms  Interface  -  EBSCOhost 

Search  Screen  -  Advanced  Search 

Database  -  SPORTDiscus  with  Full  Text  16823 

S4  TX  random*  wl  control*  Limiters  -  Published  Date:  19890101-20100631 

Search  modes  -  Find  all  my  search  tenns  Interface  -  EBSCOhost 

Search  Screen  -  Advanced  Search 

Database  -  SPORTDiscus  with  Full  Text  13437 

S3  (si  and  s2)  Limiters  -  Published  Date:  19890101-20100631 

Search  modes  -  Find  all  my  search  tenns  Interface  -  EBSCOhost 

Search  Screen  -  Advanced  Search 

Database  -  SPORTDiscus  with  Full  Text  Display 

S2  (MH  "bone  density")  or  TX  bone  wl  densit*  Limiters  -  Published  Date: 
19890101-20100631 

Search  modes  -  Find  all  my  search  terms  Interface  -  EBSCOhost 

Search  Screen  -  Advanced  Search 

Database  -  SPORTDiscus  with  Full  Text  Display 

SI  TX  exercise  or  MH  exercise  Limiters  -  Published  Date:  19890101-20100631 

Search  modes  -  Find  all  my  search  tenns  Interface  -  EBSCOhost 

Search  Screen  -  Advanced  Search 

Database  -  SPORTDiscus  with  Full  Text  Display 
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APPENDIX  B 

Included  and  Excluded  BMD  Studies 


Figure  1.  Flaw  diagram  Par  selection  of  articles.  V,  rum  Get  of  reasons  exceeds  the  number  of 
artcies  because  some  articles  were  exc-uded  Tor  norelhan  or  e  reason. 
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Congress  on  Aging  and  Physical  Activity:  From  Research  to  Action  for  an  Aging 
Society  London,  Ontario,  Canada,  August  3-7,  2004.  Journal  of  Aging  &  Physical 
Activity  2004  July;12(3):246-460.  Abstract 
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(21)  Oral  Presentations.  Hormone  Research  2005  September  2;64: 16-44.  Abstract 
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(201)  Chin-Hsien  W,  Yu-Hsien  K,  Shih-Chieh  Y,  Tsai-Sheng  F,  Po-Liang  L,  Wen-Jer  C. 
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December;  16(12):2 129-41.  Same  subjects  as  another  study  already  included 
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(226)  Dalleck  Lane,  Dalleck  Ange.  The  ACSM  exercise  intensity  guidelines  for 
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Intervention,  Prospective  Study 

(228)  Daly  RM,  Petrass  N,  Bass  S,  Nowson  CA.  The  skeletal  benefits  of  calcium-  and 
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Inappropriate  Intervention,  Educational  intervention 

(239)  Davis  JA,  Jr.,  Triolo  RJ,  Uhlir  J,  Bieri  C,  Rohde  L,  Lissy  D,  Kukke  S.  Preliminary 
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intervention 

(241)  Davis  JK,  Green  JM.  Resistance  Training  and  Type-2  Diabetes.  Strength  & 
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A,  Ronday  KH,  Dijkmans  BAC,  Breedveld  FC,  Vliet  Vlieland  TPM,  Hazes  JMW. 
Slowing  of  bone  loss  in  patients  with  rheumatoid  arthritis  by  long-tenn  high-intensity 
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8;359(9322):20 18-26.  Review  article 

(254)  Der  Ananian  CA,  Wilcox  S,  Abbott  J,  Vrazel  J,  Ramsey  C,  Sharpe  P,  Brady  T.  The 
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after  stroke:  a  prospective  comparative  study.  Clinical  Rehabilitation  2010 
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supplementation  plus  resistance  exercise  training  on  bone  metabolism  markers  in  young 
adult  woman.  Journal  of  Nutritional  &  Environmental  Medicine  2007 
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Journal  Of  Sports  Medicine  And  Physical  Fitness  1997  December;37(4):246-51. 
Subjects  were  active,  NOT  sedentary 

(271)  Douchi  T,  Yamamoto  S,  Oki  T,  Maruta  K,  Kuwahata  R,  Yamasaki  H,  Nagata  Y.  The 
effects  of  physical  exercise  on  body  fat  distribution  and  BMD  in  postmenopausal 
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May;56(5):935-41.  Review  article 
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months 

(279)  Eastell  R.  Management  of  Bone  Health  in  Postmenopausal  Women.  Honnone  Research 
2005  November  2;64:76-80.  Review  article 
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fracture:  a  systematic  review.  Clinical  Rehabilitation  2008  March;22(3):272-82. 

Review  article 

(284)  Eisenstein  J,  Roberts  SB,  Dallal  G,  Saltzman  E.  High-protein  Weight-loss  Diets:  Are 
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Health  Promotion  2007  November;22(2):83-92.  Inappropriate  Intervention,  Study  less 
than  6  months 


54 
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women.  Scandinavian  Journal  Of  Medicine  &  Science  In  Sports  2009  June;19(3):381- 
8.  Inappropriate  Intervention,  Follow-up  Study 
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and  unintentional  weight  loss  increase  bone  loss  and  hip  fracture  risk  in  older  women. 
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(291)  Ensrud  KE,  Blackwell  TL,  Ancoli-Israel  S,  Redline  S,  Yaffe  K,  Diem  S,  Claman  D, 
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composition  changes  with  diet  and  exercise  in  obese  women:  a  comparison  of  estimates 
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June;33(6):32-9.  Inappropriate  Intervention,  Study  less  than  6  months 
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Journal  of  Trauma  -  Injury,  Infection  and  Critical  Care  2003;55(2):345-9.  Not  a  BMD 
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(307)  Farrell  VA,  Harris  M,  Lohman  TG,  Going  SB,  Thomson  CA,  Weber  JL,  Houtkooper 
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2009  May;65(5):922-33.  Review  article 

(383)  Hartard  M,  Haber  P,  Ilieva  D,  Preisinger  E,  Seidl  G,  Huber  J.  Systematic  strength 
training  as  a  model  of  therapeutic  intervention:  a  controlled  trial  in  postmenopausal 
women  with  osteopenia.  American  Journal  of  Physical  Medicine  &  Rehabilitation  1996 
January;75(l):21-8.  Inappropriate  Intervention,  CT 
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of  nightly  splinting  reduce  the  extensibility  of  the  flexor  pollicis  longus  muscle  in 
people  with  tetraplegia?  Physiotherapy  Research  International  2007  March;12(l):5-13. 
Not  a  BMD  and/or  ground  reaction  force  topic 

(385)  Hassinen  M,  Komulainen  P,  Lakka  TA,  V+nis+hnen  SB,  Rauramaa  R.  Associations  of 
Body  Composition  and  Physical  Activity  with  Balance  and  Walking  Ability  in  the 
Elderly.  Journal  of  Physical  Activity  &  Health  2005  July;2(3):298.  Inappropriate 
Intervention,  Cross-sectional  study 

(386)  Hatori  M,  Hasegawa  A,  Adachi  H,  Shinozaki  A,  Hayashi  R,  Okano  H,  Mizunuma  H, 
Murata  K.  The  effects  of  walking  at  the  anaerobic  threshold  level  on  vertebral  bone  loss 
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info  on  whether  subjects  were  sedentary  or  active 
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Schroeder  ET,  Hyslop  DM.  The  inability  of  hormone  replacement  therapy  or  chronic 
running  to  maintain  bone  mass  in  master  athletes.  The  Journals  Of  Gerontology  Series 
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A,  Biological  Sciences  And  Medical  Sciences  1999  September;54(9):M451-M455. 
Inappropriate  Intervention,  Cross-sectional  study 

(388)  Hayes  WC,  Myers  ER.  Biomechanical  considerations  of  hip  and  spine  fractures  in 
osteoporotic  bone.  Instructional  Course  Lectures  1997;46:431-8.  Review  article 

(389)  Hecker  TM,  Aris  RM.  Management  of  Osteoporosis  in  Adults  with  Cystic  Fibrosis. 
Drugs  2004  January  15;64(2):  133-47.  Review  article 
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Drug  intervention  study,  Inappropriate  Comparison  Group 
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Biomechanics  2007;40(13):2967-74.  Same  subjects  as  another  study  already  included 
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April;  1 1  (4):490-50 1 .  Inappropriate  Intervention,  CT 
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Sports  2010  April  2;20:31-9.  Inappropriate  Intervention,  Study  less  than  6  months 
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Drugs  2000  June  2;59(6):  15-22.  Inappropriate  Intervention,  Study  limited  to  children 
and/or  adolescents 


65 


(398)  Herbert  RD,  de  NM,  Kamper  SJ.  Stretching  to  prevent  or  reduce  muscle  soreness  after 
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Inappropriate  Intervention,  Not  a  randomized  controlled  trial  (RCT) 
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replacement  therapy  in  adult-onset  gh  deficiency:  effects  on  body  composition  in  men 
and  women  in  a  double-blind,  randomized,  placebo-controlled  trial.  The  Journal  Of 
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November;24(2):  1 18-28.  Inappropriate  Intervention,  Study  limited  to  children  and/or 
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Intervention  Study 
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Intervention,  Cross-sectional  study 
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Inappropriate  Intervention,  Study  limited  to  children  and/or  adolescents 
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September;36(5):E266-E273.  Not  a  BMD  and/or  ground  reaction  force  topic 
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intervention  control  group 
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muscular  changes.  Administrative  Radiology  Journal:  AR  200 1  ;20(  1):7-1 1 . 
Inappropriate  Comparison  Group,  No  non-intervention  control  group 
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Environmental  Medicine  2009  December;80(12):1025-31.  Inappropriate  Intervention, 
Study  less  than  6  months 
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International  Journal  of  Behavioral  Medicine  2003  September;  10(3):269-83. 
Inappropriate  Intervention,  Survey  or  questionnaire 
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related  diseases.  /  Entrainement  de  force  chez  la  personne  agee:  effets  sur  les  facteurs 
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Of  Cooperation  Between  The  European  Foundation  For  Osteoporosis  And  The 
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subjects  were  sedentary  or  active,  Subjects  allowed  to  continue  previous  exercise 
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Reports  2010  March;9(2):93-8.  Not  a  BMD  and/or  ground  reaction  force  topic 
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Metabolism  2006  December;  16(6):580-96.  Inappropriate  Intervention,  Study  limited  to 
children  and/or  adolescents 
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July;109(4):745-55.  Diet  Intervention  or  Supplement  Study 
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response  to  physical  activity.  Calcified  Tissue  International  1998;62:413-7.  Same 
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(984)  Winters-Stone  KM,  Snow  CM.  Site-specific  response  of  bone  to  exercise  in 
premenopausal  women.  Bone  2006  December;39(6):  1203-9.  Inappropriate 
Intervention,  CT 

(985)  Winzenberg  T,  Oldenburg  B,  Frendin  S,  De  WL,  Riley  M,  Jones  G.  The  effect  on 
behavior  and  BMD  of  individualized  BMD  feedback  and  educational  interventions  in 
premenopausal  women:  a  randomized  controlled  trial  [NCT00273260].  BMC  Public 
Health  2006;6:12.  Inappropriate  Intervention,  Educational  intervention 

(986)  Winzenberg  TM,  Oldenburg  B,  Frendin  S,  De  Wit  L,  Jones  G.  A  mother-based 
intervention  trial  for  osteoporosis  prevention  in  children.  Preventive  Medicine  2006 
January;42(l):21-6.  Educational  intervention 

(987)  Withers  RT,  LaForgia  J,  Pillans  RK,  Shipp  NJ,  Chatterton  BE,  Schultz  CG,  Leaney  F. 
Comparisons  of  two-,  three-,  and  four-compartment  models  of  body  composition 
analysis  in  men  and  women.  Journal  Of  Applied  Physiology  (Bethesda,  Md  :  1985) 
1998  July;85(l):238-45.  Inappropriate  Intervention,  Not  an  exercise  intervention  study 

(988)  Wolf  SL,  Sattin  RW,  Kutner  M,  O’Grady  M,  Greenspan  AI,  Gregor  RJ.  Intense  Tai  Chi 
exercise  training  and  fall  occurrences  in  older,  transitionally  frail  adults:  a  randomized, 
controlled  trial...  includes  commentary  by  Lavery  L  and  Studenski  S.  Journal  of  the 
American  Geriatrics  Society  2003  December;5 1(12):  1693.  No  aerobic  exercise  or  WT 
intervention 

(989)  Wolff  I,  van  Croonenborg  JJ,  Kemper  HC,  Kostense  PJ,  Twisk  JW.  The  effect  of 
exercise  training  programs  on  bone  mass:  a  meta-analysis  of  published  controlled  trials 
in  pre-  and  postmenopausal  women.  Osteoporosis  International:  A  Journal  Established 
As  Result  Of  Cooperation  Between  The  European  Foundation  For  Osteoporosis  And 
The  National  Osteoporosis  Foundation  Of  The  USA  1999;9(1):  1-12.  Review  article 

(990)  Wolker  RR,  Wilson  DG,  Allen  AL,  Carmalt  JL.  Evaluation  of  ethyl  alcohol  for  use  in  a 
minimally  invasive  technique  for  equine  proximal  interphalangeal  joint  arthrodesis.  Vet 
Surg  2011  April;40(3):291-8.  Animal  study 

(991)  Wong  SY,  Lau  EM,  Lau  WW,  Lynn  HS.  Is  dietary  counselling  effective  in  increasing 
dietary  calcium,  protein  and  energy  intake  in  patients  with  osteoporotic  fractures?  A 
randomized  controlled  clinical  trial.  Journal  of  Human  Nutrition  &  Dietetics  2004 
August;17(4):359-64.  Inappropriate  Intervention,  Diet  Intervention  Study 

(992)  Woo  A,  Hittell  J,  Beardsley  C,  Noh  C,  Stoukides  CA,  Kaul  AF.  An  ongoing  six-year 
innovative  osteoporosis  disease  management  program:  challenges  and  success  in  an 
IPA  physician  group  environment.  Disease  Management  2004  September;7(3):2 16-25. 
Educational  intervention 
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(993)  Woo  J,  Hong  A,  Lau  E,  Lynn  H.  A  randomised  controlled  trial  of  Tai  Chi  and 
resistance  exercise  on  bone  health,  muscle  strength  and  balance  in  community-living 
elderly  people.  Age  &  Ageing  2007  May;36(3):262-8.  No  aerobic  exercise  or  WT 
intervention 

(994)  Wootten  DF.  Short  term  time-course  skeletal  responses  to  high  intensity  physical 
exercise.  DAI  200 1  ;66(  1 1B):5936.  Inappropriate  Intervention,  Study  less  than  6  months 

(995)  Wright  MJ,  Galea  V,  Barr  RD.  Self-Perceptions  of  Physical  Survivors  of  Acute 
Lymphoblastic  Leukemia  in  Childhood.  Pediatric  Exercise  Science  2003 
May;  15(2):  191.  Study  limited  to  children  and/or  adolescents 

(996)  Wu  J,  Oka  J,  Tabata  I,  Higuchi  M,  Toda  T,  Fuku  N,  Ezaki  J,  Sugiyama  F,  Uchiyama  S, 
Yamada  K,  Ishimi  Y.  Effects  of  isoflavone  and  exercise  on  BMD  and  fat  mass  in 
postmenopausal  Japanese  women:  a  1-year  randomized  placebo-controlled  trial.  Journal 
Of  Bone  And  Mineral  Research:  The  Official  Journal  Of  The  American  Society  For 
Bone  And  Mineral  Research  2006  May;21(5):780-9.  Same  subjects  as  another  study 
already  included,  No  BMD  data 

(997)  Yarasheski  KE,  Campbell  JA,  Kohrt  WM.  Effect  of  resistance  exercise  and  growth 
honnone  on  bone  density  in  older  men.  Clinical  Endocrinology  1997  August;47(2):223- 
9.  Inappropriate  Intervention,  Study  less  than  6  months 

(998)  Yeom  HA,  Keller  C,  Fleury  J.  Interventions  for  promoting  mobility  in  community¬ 
dwelling  older  adults.  Journal  Of  The  American  Academy  Of  Nurse  Practitioners  2009 
February;21(2):95-100.  Review  article 

(999)  Yoo  EJ,  Jun  TW,  Hawkins  SA.  The  effects  of  a  walking  exercise  program  on  fall- 
related  fitness,  bone  metabolism,  and  fall-related  psychological  factors  in  elderly 
women.  Res  Sports  Med  2010  October;  18(4):236-50.  Study  less  than  6  months 

(1000)  Yoshimura  N.  [Exercise  and  physical  activities  for  the  prevention  of  osteoporotic 
fractures:  a  review  of  the  evidence].  Nippon  Eiseigaku  Zasshi  Japanese  Journal  Of 
Hygiene  2003  September;58(3):328-37.  Review  article 

(1001)  Yoshimura  N.  [Intervention  in  lifestyle  factors  for  the  prevention  of  osteoporosis  and 
osteoporotic  fractures].  Clinical  Calcium  2005  August;15(8):1399-408.  Review  article 

(1002)  Yosipovitch  G,  Hoon  TS,  Leok  GC.  Suggested  rationale  for  prevention  and  treatment 

of  glucocorticoid-induced  bone  loss  in  dermatologic  patients.  Archives  Of  Dermatology 
2001  April;  137(4):477-81.  Review  article 

(1003)  Youdas  JW,  Budach  BD,  Ellerbusch  JV,  Stucky  CM,  Wait  KR,  Hollman  JH. 

Comparison  of  muscle-activation  patterns  during  the  conventional  push-up  and  perfect, 
pushup  exercises.  J  Strength  Cond  Res  2010  December;24(12):3352-62.  Not  a  BMD 
and/or  ground  reaction  force  topic 
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(1004)  Young  CM,  Weeks  BK,  Beck  BR.  Simple,  novel  physical  activity  maintains  proximal 
femur  BMD,  and  improves  muscle  strength  and  balance  in  sedentary,  postmenopausal 
Caucasian  women.  Osteoporosis  International:  A  Journal  Established  As  Result  Of 
Cooperation  Between  The  European  Foundation  For  Osteoporosis  And  The  National 
Osteoporosis  Foundation  Of  The  USA  2007  October;  18(10):  1379-87.  Inappropriate 
Comparison  Group,  No  control  group  (NC) 

(1005)  Yu  CCW,  Sung  RYT,  So  RCH,  Kam-chi  LUI,  Lau  WINN,  Lam  PKW,  Lau  EMC. 

Effects  of  strength  training  on  body  composition  and  bone  mineral  content  in  children 
who  are  obese.  Journal  of  Strength  &  Conditioning  Research  (Allen  Press  Publishing 
Services  Inc  )  2005  August;  19(3):667-72.  Inappropriate  Intervention,  Study  limited  to 
children  and/or  adolescents 

(1006)  Yu  S,  Huang  Y.  Knowledge  of,  attitudes  toward,  and  activity  to  prevent  osteoporosis 
among  middle-aged  and  elderly  women.  Journal  of  Nursing  Research  (Taiwan  Nurses 
Association)  2003  March;l  l(l):65-72.  Inappropriate  Intervention,  Survey  or 
questionnaire 

(1007)  Zahner  L,  Puder  JJ,  Roth  R,  Schmid  M,  Guldimann  R,  Puhse  U,  Knopfli  M,  Braun  FC, 
Marti  B,  Kriemler  S.  A  school-based  physical  activity  program  to  improve  health  and 
fitness  in  children  aged  6-13  years  ("Kinder-Sportstudie  KISS"):  Study  design  of  a 
randomized  controlled  trial  [ISRCTN15360785].  BMC  Public  Health  2006;6:147TN. 
Inappropriate  Intervention,  Study  limited  to  children  and/or  adolescents 

(1008)  Zandt  JF,  Hahn  D,  Buchmann  S,  Beitzel  K,  Schwirtz  A,  Imhoff  AB,  Brucker  PU.  [May 
eccentric  training  be  effective  in  the  conservative  treatment  of  chronic  supraspinatus 
tendinopathies?  A  review  of  the  current  literature].  Sportverletz  Sportschaden  2010 
December;24(4):  190-7.  Review  article 

(1009)  Zech  A,  Hubscher  M,  Vogt  L,  Banzer  W,  Hansel  F,  Pfeifer  K.  Balance  training  for 
neuromuscular  control  and  perfonnance  enhancement:  a  systematic  review.  J  Athl 
Train  2010  July;45(4):392-403.  Review  article 

(1010)  Zerath  E,  Douce  HP,  Guezennec  CY,  Chatard  JC.  Effect  of  endurance  training  on 

postexercise  parathyroid  hormone  levels  in  elderly  men.  Medicine  &  Science  in  Sports 
&  Exercise  1997  September;29(9):  1 139-45.  Inappropriate  Intervention,  Study  less  than 
6  months 

(1011)  Zhang  HF,  Wang  JB,  Zhao  QL,  Yang  SP,  Zhao  MJ.  [Effect  of  gripping  exercise  on  the 
radius  bone  mass  of  patients  with  Colles  fracture].  Zhongguo  Linchuang  Kangfu 
2005;9: 136-7.  Inappropriate  Intervention,  Study  less  than  6  months 

(1012)  Zhao  J,  Zhang  L,  Tian  Y.  Effect  of  6  months  of  Tai  Chi  Chuan  and  calcium 

supplementation  on  bone  health  in  females  aged  50-59  years.  Journal  of  Exercise 
Science  &  Fitness  2007  December;5(2):88-94.  Inappropriate  Intervention,  No  aerobic 
exercise  or  WT  intervention 
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(1013)  Zheng  A,  Sakari  R,  Cheng  SM,  Hietikko  A,  Moilanen  P,  Timonen  J,  Fagerlund  KM, 
Karkkainen  M,  Alen  M,  Cheng  S.  Effects  of  a  low-frequency  sound  wave  therapy 
programme  on  functional  capacity,  blood  circulation  and  bone  metabolism  in  frail  old 
men  and  women.  Clinical  Rehabilitation  2009  October;23(10):897-908.  Inappropriate 
Intervention,  No  aerobic  exercise  or  WT  intervention 

(1014)  Ziegenfuss  TN,  Berardi  JM,  Lowery  LM,  Antonio  J.  Effects  of  Prohormone 

Supplementation  in  Humans:  A  Review.  Canadian  Journal  of  Applied  Physiology  2002 
December;27(6):628-45.  Review  article 

(1015)  Zorbas  YG,  Federenko  YF,  Naexu  KA.  Bone  mineralization  and  plasma  concentrations 
of  electrolytes  in  healthy  subjects  after  exposure  to  hypokinesia  and  hyperhydration. 
Wiener  Klinische  Wochenschrift  1993;  105(6):  167-71.  Inappropriate  Intervention, 
Subjects  were  active,  NOT  sedentary 

(1016)  Zorbas  YG,  Yaroshenko  YN,  Kuznetsov  NK,  Andreyev  VG,  Federenko  YF.  Bone 

histomorphometric  changes  in  trained  subjects  during  prolonged  restriction  of  muscular 
activity  and  chronic  hyperhydration.  Panminerva  Medica  1997  December;39(4):265-74. 
Inappropriate  Intervention,  Subjects  were  active,  NOT  sedentary 
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author 
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year 

journal 

language 

language  other 

country 

country 2 

design 

type  c 

2 

Bailey  &  Brooke-Wavell 

journal 

2010 

Bone 

english 

United  Kingdom 

other 

ret 

other 

302 

Bassey  et  al. 

journal 

1998 

J  Bone  Miner  Res 

english 

United  Kingdom 

other 

ret 

nonintervention 

298 

Bergstrom  et  al. 

journal 

2008 

Osteoporos  Int 

english 

Sweden 

other 

ret 

other 

1057 

Bergstrom  et  al. 

journal 

2005 

Osteoporos  Int 

english 

Sweden 

other 

ret 

other 

744 

Bocalini  et  al. 

journal 

2009 

J  Aging  Health 

english 

Brazil 

other 

ret 

nonintervention 

1170 

Brentano  et  al. 

journal 

2008 

J  Strength  Cond  Res 

english 

Brazil 

other 

ret 

nonintervention 

26 

Brooke-Wavell  et  al. 

journal 

1997 

Clin  Sci 

english 

United  Kingdom 

other 

ret 

other 

362 

Chilibeck  et  al. 

journal 

2002 

Can  J  Physiol  Pharmacol 

english 

Canada 

other 

ret 

other 

1085 

Choquette  et  al. 

journal 

2011 

Br  J  Nutr 

english 

Canada 

other 

ret 

other 

405 

Englund  et  al. 

journal 

2005 

Osteoporos  Int 

english 

Sweden 

other 

ret 

nonintervention 

407 

Friedlander  et  al. 

journal 

1995 

J  Bone  Miner  Res 

english 

United  States 

usa 

ret 

attention  control 

161 

Going  et  al. 

journal 

2003 

Osteoporos  Int 

english 

United  States 

usa 

ret 

nonintervention 

71 

Grove  &  Londeree/Grove 

journal 

1992 

Med  Sci  Sports  Exerc 

english 

United  States 

usa 

ret 

nonintervention 

21 

Heinonen  et  al. 

journal 

1996 

Lancet 

english 

Finland 

other 

ret 

nonintervention 

951 

Heinonen  et  al. 

journal 

1998 

J  Bone  Miner  Res 

english 

Finland 

other 

ret 

attention  control 

1019 

Hong 

dissertation 

2004 

The  Chinese  University  of  Hong  Kong 

english 

China 

other 

ret 

nonintervention 

135 

Iwamoto  et  al. 

journal 

2001 

J  Orthop  Sci 

english 

Japan 

other 

ret 

other 

819 

Jessup  et  al. 

journal 

2003 

Biol  Res  Nurs 

english 

United  States 

usa 

ret 

other 

827 

Kemmler  et  al. 

journal 

2010 

Arch  Intern  Med 

english 

Germany 

other 

ret 

attention  control 

205 

Kerr  et  al. 

journal 

1996 

J  Bone  Miner  Res 

english 

Australia 

other 

ret 

other 

322 

Kerr  et  al. 

journal 

2001 

J  Bone  Miner  Res 

english 

Australia 

other 

ret 

other 

1113 

Kukuljan  et  al. 

journal 

2011 

J  Clin  Endocrinol  Metab 

english 

Australia 

other 

ret 

nonintervention 

1118 

Liang  et  al. 

journal 

2011 

Int  J  Sports  Med 

english 

United  States 

usa 

ret 

nonintervention 

85 

Liu-Ambrose  et  al. 

journal 

2004 

J  Clin  Densitom 

english 

Canada 

other 

ret 

attention  control 

184 

Lohman  et  al. 

journal 

1995 

J  Bone  Miner  Res 

english 

United  States 

usa 

ret 

nonintervention 

1120 

Marques  et  al. 

journal 

2011 

Exp  Gerontol 

english 

Portugal 

other 

ret 

nonintervention 

1121 

Marques  et  al. 

journal 

2011 

Calcif  Tissue  Int 

english 

Portugal 

other 

ret 

nonintervention 

19 

Martin  &  Notelovitz 

journal 

1993 

J  Bone  Miner  Res 

english 

United  States 

usa 

ret 

other 

170 

Nelson  et  al. 

journal 

1994 

JAMA 

english 

United  States 

usa 

ret 

nonintervention 

863 

Newstead  et  al. 

journal 

2004 

J  Geriatr  Phys  Ther 

english 

United  States 

usa 

ret 

other 

365 

Prince  et  al. 

journal 

1995 

J  Bone  Miner  Res 

english 

Australia 

other 

ret 

other 

174 

Rhodes  et  al. 

journal 

2000 

Br  J  Sports  Med 

english 

Canada 

other 

ret 

nonintervention 

30 

Villareal  et  al. 

journal 

2011 

N  Engl  J  Med 

english 

United  States 

usa 

ret 

other 

913 

Villareal  et  al. 

journal 

2004 

Age  Ageing 

english 

United  States 

usa 

ret 

other 

920 

Warren  et  al. 

journal 

2008 

Med  Sci  Sports  Exerc 

english 

United  States 

usa 

ret 

usual  care 

239 

Weaver  et  al. 

journal 

2001 

Med  Sci  Sports  Exerc 

english 

United  States 

usa 

ret 

nonintervention 

922 

Westby  et  al. 

journal 

2000 

J  Rheumatol 

english 

Canada 

other 

ret 

other 

105 

Wu  et  al. 

journal 

2006 

Metabolism 

english 

Japan 

other 

ret 

other 

930 

Zeilman  III 

dissertation 

2007 

Univ.  of  Florida 

english 

United  States 

usa 

ret 

other 

Study  Characterisics 


type c desc 

matching 

control  group  included  but  also  had  a  control  leg  (unilateral  training) 

no 

no 

control  &  ex  groups  both  received  calcium  &  Vitamin  D  supplements 

no 

control  &  ex  groups  both  received  calcium  supplements 

no 

asked  to  maintain  their  normal  daily  activity  routines 

no 

asked  to  keep  the  same  activities  during  the  period  of  24  weeks 

yes 

Nine  women  in  control  group  exercised  option  of  swimming  2x  week  for  20  minutes 

no 

placebo 

no 

control  and  exercise  groups  received  a  placebo  (cellulose) 

no 

control  subjects  asked  not  to  increase  their  physical  activity  during  the  study 

yes 

given  the  option  to  continue  with  current  level  of  PA  or  attend  2  out  of  3,  30  minute  stretching  classes/wk 

no 

yes 

yes 

asked  to  maintain  their  current  level  of  physical  activity 

yes 

Light  stretching  exercises  once  a  week  (Sham  exercise) 

no 

yes 

control  &  ex  groups  both  received  calcium  &  Vitamin  D  supplements 

no 

subjects  received  1000  mg  of  calcium  and  400  IU  vitamin  D  per  day  (same  as  exercise  group) 

no 

low-frequency,  low  intensity  (50%-60%  mhr)  activity  for  60  minutes,  lx  per  week  for  10  weeks  followed  by  10  weeks  of  rest 

yes 

alternate  limb  served  as  the  control 

no 

all  subjects  received  600  mg  elemental  calcium  per  day 

no 

yes 

required  to  submit  weekly  physical  activity  logs 

no 

sham  exercise  (stretching) 

yes 

subjects  asked  to  maintain  their  normal  daily  routine 

no 

continue  their  daily  routine  and  refrain  from  changing  physical  activity  levels 

no 

asked  to  continue  their  daily  routines  and  not  to  change  physical  activity  levels  during  the  course  of  the  experiment 

no 

subject's  received  the  same  calcium  supplementation  as  the  exercise  group 

no 

asked  to  maintain  their  current  level  of  physical  activity 

no 

control  &  ex  groups  both  received  calcium  supplements 

no 

subject's  received  the  same  calcium  supplementation  (tablets)  as  the  exercise  group 

no 

instructed  to  maintain  their  normal  lifestyle  throughout  the  study;  offered  training  program  after  the  study 

no 

provided  general  information  about  a  healthy  diet  during  monthly  visits  with  staff 

yes 

control  group  did  exercises  for  flexibility,  balance  and  coordination  2.9  +-  1.5  days/wk;  all  subjects  received  calcium  &  Vit  D  supplements 

no 

received  AHA  brochure  recommending  30  minutes  of  moderate  intensity  activity  on  most  days  of  the  week 

no 

yes 

usual  care  +  written  materials  on  osteoporosis  &  pamphlet  on  ex  &  arthritis 

no 

placebo  (2  capsules  of  dextrin,  daily  in  the  morning) 

no 

both  groups  took  1200  mg  calcium  and  400  IU  Vitamin  D  every  day;  asked  to  continue  ADL  and  to  not  start  exercising 

no 

Study  Characterisics 
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matching  des 

crossover 

sequence 

allocation 

blind prime 

inc prime 

outcome  rep 

analysis 

sample  size 

groups e 

no 

yes 

unclear 

yes 

unclear 

unclear 

abp 

yes 

3 

no 

yes 

unclear 

yes 

unclear 

unclear 

abp 

yes 

3 

no 

yes 

unclear 

no 

yes 

no 

abp  &  itt 

yes 

1 

no 

yes 

unclear 

yes 

unclear 

unclear 

abp 

no 

1 

no 

yes 

unclear 

yes 

unclear 

unclear 

abp 

no 

1 

subjects  divided  by  hrt  use  (yes  versus  no)  and  then  randomly  assigned  to  groups 

no 

yes 

unclear 

yes 

unclear 

unclear 

abp 

yes 

2 

no 

yes 

unclear 

yes 

yes 

unclear 

abp 

no 

1 

no 

yes 

unclear 

yes 

unclear 

unclear 

abp 

yes 

1 

no 

yes 

unclear 

yes 

unclear 

yes 

abp 

no 

1 

age 

no 

yes 

unclear 

yes 

yes 

unclear 

abp 

yes 

1 

no 

yes 

yes 

yes 

yes 

unclear 

abp 

no 

1 

hrt 

no 

yes 

unclear 

yes 

unclear 

unclear 

abp 

no 

2 

bmd,  bodyweight 

no 

yes 

unclear 

yes 

yes 

unclear 

abp 

no 

2 

weight,  oral  contraceptive  use 

no 

yes 

unclear 

yes 

yes 

unclear 

itt 

yes 

1 

no 

yes 

unclear 

yes 

unclear 

unclear 

abp 

no 

2 

gender 

no 

yes 

unclear 

yes 

yes 

unclear 

abp 

yes 

4 

no 

yes 

unclear 

yes 

unclear 

unclear 

abp 

no 

1 

no 

yes 

unclear 

yes 

yes 

unclear 

abp 

yes 

1 

age 

no 

yes 

unclear 

yes 

yes 

yes 

abp  &  itt 

yes 

1 

no 

yes 

unclear 

yes 

unclear 

unclear 

abp 

no 

2 

no 

yes 

unclear 

yes 

unclear 

unclear 

abp 

no 

2 

age,  calcium  intake 

no 

yes 

unclear 

yes 

yes 

unclear 

itt 

yes 

2 

no 

yes 

unclear 

yes 

unclear 

unclear 

abp 

no 

2 

postural  stability,  baseline  total  hip  areal  BMD,  bisphosphonate  use 

no 

yes 

unclear 

yes 

yes 

unclear 

abp 

yes 

2 

no 

yes 

unclear 

yes 

unclear 

unclear 

abp 

no 

1 

no 

yes 

unclear 

yes 

yes 

unclear 

itt 

yes 

2 

no 

yes 

unclear 

yes 

yes 

unclear 

abp  &  itt 

yes 

1 

no 

yes 

unclear 

yes 

unclear 

unclear 

abp 

no 

2 

no 

yes 

unclear 

yes 

yes 

unclear 

itt 

no 

1 

no 

yes 

unclear 

yes 

yes 

unclear 

abp 

yes 

1 

no 

yes 

yes 

yes 

unclear 

unclear 

abp 

no 

1 

no 

yes 

unclear 

yes 

unclear 

unclear 

abp 

no 

1 

gender 

no 

yes 

unclear 

yes 

yes 

unclear 

itt 

yes 

1 

no 

yes 

unclear 

yes 

yes 

unclear 

itt 

yes 

1 

no 

yes 

unclear 

yes 

yes 

unclear 

itt 

yes 

1 

age,  oral  contraceptive  use 

no 

yes 

unclear 

yes 

unclear 

unclear 

abp 

no 

1 

no 

yes 

unclear 

yes 

yes 

unclear 

itt 

yes 

1 

no 

yes 

unclear 

yes 

yes 

unclear 

abp 

no 

1 

no 

yes 

unclear 

yes 

yes 

unclear 

abp 

yes 

1 

Study  Characterisics 


groups c 

groups t 

funded 

notes  sc 

i 

4 

no 

3 

6 

yes 

Postmenopasual  women  with  BMD  <2.0  SD  or  any  woman  with  BMD  >1.5  SD  excluded 

1 

2 

no 

all  participants  has  a  previous  forearm  fracture 

1 

2 

no 

all  participants  were  perimenopausal 

1 

2 

no 

postmenopasual  participants  not  taking  hormone  replacement  therapy 

1 

3 

no 

1 

2 

yes 

1 

2 

yes 

1 

2 

yes 

all  participants  were  overweight,  postmenopausal  women;  study  also  included  an  exercise  and  isoflavone  and  isoflavone  only  group 

1 

2 

yes 

1 

2 

yes 

exercise  +  calcium  and  exercise  +  placebo  combined;  control  +  calcium  and  control  +  placebo  combined 

2 

4 

yes 

exercise  &  control  group  on  HRT;  exercise  &  control  group  not  on  HRT;  all  subjects  received  800  mg  calcium  citrate  supplements  daily 

1 

3 

no 

1 

2 

yes 

1 

3 

yes 

2 

6 

yes 

1 

2 

no 

all  participants  given  2  grams  of  calcium  and  1  microgram  of  vtaimin  D3  each  day 

1 

2 

yes 

all  participants  received  1000  mg  of  calcium  and  400  IU  vitamin  D  per  day 

1 

2 

yes 

all  participants  received  1500  mg  of  calcium  and  500  IU  of  cholecalciferol  (vitamin  D)  per  day 

2 

4 

yes 

1 

3 

yes 

2 

4 

yes 

exercise  and  milk  versus  milk  only  group  included  as  well  as  an  exercise  only  versus  control  group 

1 

3 

yes 

1 

3 

yes 

1 

2 

no 

1 

3 

yes 

1 

2 

yes 

both  itt  and  abp  analysis  done  but  data  not  reported  for  abp  analysis 

1 

3 

yes 

subjects  in  both  exercise  and  control  groups  were  given  1000  mg/d  of  supplemental  calcium 

1 

2 

yes 

1 

2 

yes 

1 

2 

yes 

subjects  in  both  exercise  and  control  groups  were  given  1000  mg/d  of  supplemental  calcium 

1 

2 

no 

1 

2 

yes 

all  participants  received  1500  mg  of  calcium  and  1000  IU  of  vitamin  D  per  day;  limited  to  obese  participants 

1 

2 

yes 

subjects  were  frail  elderly  participants  78  years  of  age  and  older;  partial  itt 

1 

2 

yes 

1 

2 

yes 

results  poorly  reported;  same  study  as  id#  202  that  we  chose  not  to  code 

1 

2 

yes 

all  participants  received  1000  mg  of  calcium  and  400  IU  vitamin  D  per  day;  partial  itt 

1 

2 

yes 

exercise  subjects  also  received  placebo  (2  capsules  of  dextrin  daily,  in  the  morning) 

1 

2 

no 

all  subjects  had  inflammatory  bowel  disease 

Group  Characteristics 


study id2 new 

author2 

groupjdl 

group desc 

i n e 

f n e 

drop e 

2 

Bailey  &  Brooke-Wavell 

1 

2  days  per  week 

21 

16 

24 

2 

Bailey  &  Brooke-Wavell 

2 

4  days  per  week 

22 

13 

41 

2 

Bailey  &  Brooke-Wavell 

3 

7  days  per  week 

22 

16 

27 

302 

Bassey  et  al. 

1 

premenopausal 

30 

302 

Bassey  et  al. 

2 

postmenopausal 

45 

302 

Bassey  et  al. 

3 

postmenopausal-hrt 

24 

298 

Bergstrom  et  al. 

1 

60 

48 

20 

1057 

Bergstrom  et  al. 

1 

20 

12 

40 

744 

Bocalini  et  al. 

1 

23 

15 

35 

1170 

Brentano  et  al. 

1 

strength  training 

9 

1170 

Brentano  et  al. 

2 

circuit  training 

10 

26 

Brooke-Wavell  et  al. 

1 

43 

39 

9 

362 

Chilibeck  et  al. 

1 

14 

10 

29 

1085 

Choquette  et  al. 

1 

25 

18 

28 

405 

Englund  et  al. 

1 

24 

21 

13 

407 

Friedlander  et  al. 

1 

32 

50 

161 

Going  et  al. 

1 

hrt 

86 

71 

17 

161 

Going  et  al. 

2 

no  hrt 

91 

71 

22 

71 

Grove  &  Londeree/Grove 

1 

low  impact 

5 

5 

0 

71 

Grove  &  Londeree/Grove 

2 

high  impact 

5 

5 

0 

21 

Heinonen  et  al. 

1 

49 

39 

20 

951 

Heinonen  et  al. 

1 

calisthenics 

35 

26 

26 

951 

Heinonen  et  al. 

2 

endurance 

32 

23 

28 

1019 

Hong 

1 

tai  chi-men 

30 

30 

0 

1019 

Hong 

2 

weight  training-men 

30 

29 

3 

1019 

Hong 

3 

tai  chi-women 

30 

28 

7 

1019 

Hong 

4 

weight  training-women 

30 

30 

0 

135 

Iwamoto  et  al. 

1 

8 

819 

Jessup  et  al. 

1 

10 

9 

10 

827 

Kemmler  et  al. 

1 

123 

115 

7 

205 

Kerr  et  al. 

1 

weight  training  (high  load,  low  reps) 

28 

25 

11 

205 

Kerr  et  al. 

2 

weight  training  (low  load,  high  reps) 

28 

21 

25 

322 

Kerr  et  al. 

1 

weight  training 

42 

24 

43 

322 

Kerr  et  al. 

2 

circuit  training 

42 

30 

29 

1113 

Kukuljan  et  al. 

1 

exercise  and  milk 

45 

43 

4 

1113 

Kukuljan  et  al. 

2 

exercise  only 

46 

44 

4 

1118 

Liang  et  al. 

1 

strength  training 

30 

15 

50 

1118 

Liang  et  al. 

2 

step  aerobics 

32 

16 

50 

85 

Liu-Ambrose  et  al. 

1 

weight  training 

34 

32 

6 
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85 

Liu-Ambrose  et  at. 

2 

agility  training 

36 

34 

6 

184 

Lohman  et  at. 

1 

59 

22 

63 

1120 

Marques  et  at. 

1 

resistance  training 

23 

15 

35 

1120 

Marques  et  at. 

2 

aerobic  training 

24 

19 

21 

1121 

Marques  et  at. 

1 

30 

27 

10 

19 

Martin  &  Notelovitz 

1 

30  minutes 

27 

20 

26 

19 

Martin  &  Notelovitz 

2 

45  minutes 

25 

16 

36 

170 

Nelson  et  al. 

1 

21 

20 

5 

863 

Newstead  et  al. 

1 

25 

23 

8 

365 

Prince  et  al. 

1 

exercise  and  calcium 

42 

31 

26 

174 

Rhodes  et  al. 

1 

22 

20 

9 

30 

Villareal  et  al. 

1 

26 

22 

15 

913 

Villareal  et  al. 

1 

69 

42 

39 

920 

Warren  et  al. 

1 

72 

62 

14 

239 

Weaver  et  al. 

1 

77 

28 

64 

922 

Westby  et  al. 

1 

14 

11 

21 

105 

Wu  et  al. 

1 

34 

31 

9 

930 

Zeilman  III 

1 

8 

7 

13 
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reason e 

adverse e 

changed  circumstance  (3);  time  constraints  (1);  ankle  sprain  (1) 

changed  circumstance  (2);  time  constraints  (2);  personal  reasons  (1);  lower  limb  discomfort!  1);  recurrence  of  back  pain  (1);  injury  unrelated  to  exercise  (2) 

time  constraints  (1);  lower  limb  discomfort  (3);  lower  back  discomfort  (2) 

no 

no 

DEXA  during  HRT  (1);  inadequate  level  of  training  (11),  related  to  intervention 

vaginal  bleeding  (1);  infection  (1);  knee  problems  (1);  myoma  surgery  (1);  myocardial  infarction  (1);  needed  hrt  (2);  personal  resasons  (1) 

compliance  to  exercise  less  than  90%  (5) 

surgery  (1);  illness/bereavement  (2);  fall  at  home  (1);  hyperthyroidism  (1) 

time  (4) 

no 

dementia(  l);heart  failure!  1)  unspecified  knee  pain(l) 

nd  (reasons  reported  but  not  separately  for  exercise  and  control  groups),  unrelated  to  intervention 

no 

one  person  injured  at  1 1  months  and  all  but  treadmill  data  collected  at  post 

yes 

previous  musculoskeletal  problems  (2);  lower-limb  overuse  injury  (2);  pregnancy  (1);  moved  (2);  lost  interest  (3),  all  unrelated  to  study  protocol 

no 

moved  (1);  overuse  injury  (1);  lost  interest  (7) 

no 

overuse  injury  (1);  lost  interest  (8) 

no 

no 

no 

no 

no 

yes 

time  (1);  illness  (1) 

no 

time  (1);  illness  (1) 

no 

dropouts  (10);  noncompliance  (5) 

dropouts  (10);  noncompliance  (6) 

time  commitment  (1);  ill  health  (1) 

no 
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time  commitment  (2) 

no 

medical  issues  unrelated  to  intervention  (3);  disinterest  (3);  personal  reasons  (2) 

no 

medical  issues  unrelated  to  intervention  (2);  personal  reasons  (3) 

no 

medical  problems  unrelated  to  intervention  (2);  personal  reasons  (1) 

no 

myocardial  infarction  while  on  vacation  (1),  unrelated  to  intervention 

no 

time  and/or  moved;  injury  (1) 

yes 

no 

wanted  to  lose  weight  (1);  job  (1);  family  (1);  medical  (1) 

yes 

personal  (3);  medical  problems  (17) 

additional  participants  were  excluded  because  they  became  pregnant  or  started  corticosteroid  use 

nd  (reasons  reported  but  not  separately  for  exercise  and  control  groups) 

family  problems  (1);  illness  (1);  other  (1) 

moved  (1) 
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adverse_desc 


some  exacerbation  of  unreported  problems  with  bunions  or  knee  pain  (n=3) 
some  exacerbation  of  unreported  problems  with  bunions  or  knee  pain  (n=3) 


injured  at  11  months  (1) 

mild  ankle  distortion!  1);  knee-overuse  injuries(4);  Achilles-tendon  inflammation!  1);  unspecified  foot  pain(l);  aggravated  low  back  pains  (8);  partial  calf  muscle  rupture(l) 


pre-existing  back  &  shoulder  injury  (2),  developed  wrist  injury  (1) 
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no 

no 


transient  musculoskeletal  pain  that  required  minor  modifications  to  the  training  program  (7) 
knee  problems  (1) 


back  pain  (2);  tendon  tear  and  tendonitis  (1);  ankle  fracture  (1);  hematoma  (1);  transient  atrial  fibrillation  during  exercise  (1) 
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i n c 

f n c 

drop c 

reason c 

i n t 

f n t 

gender 

20 

19 

5 

changed  circumstances  ( 1 ) 

41 

35 

females 

22 

13 

females 

22 

16 

females 

25 

55 

females 

32 

77 

females 

22 

46 

females 

52 

44 

15 

started  too  extensive  training  (8) 

112 

92 

females 

20 

15 

25 

personal  reasons  (3);  needed  hrt  (2) 

40 

27 

females 

12 

10 

17 

35 

25 

females 

9 

18 

females 

10 

females 

41 

40 

2 

surgery  (1) 

84 

79 

females 

14 

12 

14 

hysterectomy  and  hrt  (1);  hrt  (1) 

28 

22 

females 

26 

22 

15 

51 

40 

females 

24 

19 

21 

lack  of  interest  (2);  death  (1);  started  exercise  (2) 

48 

40 

females 

31 

50 

nd  (reasons  reported  but  not  separately  for  exercise  and  control  groups) 

63 

females 

73 

65 

11 

159 

136 

females 

70 

59 

16 

161 

130 

females 

6 

5 

17 

11 

10 

females 

females 

49 

45 

8 

accidental  back  injury  (1);  moved  (1);  lost  interest  (2) 

98 

84 

females 

34 

27 

21 

died  from  cancer  (1);  lost  interest  (6) 

69 

53 

females 

32 

23 

females 

30 

29 

3 

60 

59 

males 

30 

29 

males 

30 

30 

0 

60 

58 

females 

30 

30 

females 

20 

28 

females 

10 

9 

10 

20 

18 

females 

123 

112 

9 

246 

227 

females 

28 

25 

11 

28 

25 

females 

28 

21 

25 

28 

21 

females 

42 

36 

14 

84 

60 

females 

42 

30 

females 

45 

43 

4 

time  (2) 

90 

86 

males 

44 

42 

5 

time  (1);  unsatisfied  (1) 

90 

86 

males 

28 

20 

29 

dropouts  (8) 

58 

35 

females 

32 

16 

females 

34 

32 

6 

time  commitment  (1);  ill  (1) 

68 

64 

females 
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36 

34 

females 

47 

34 

28 

106 

56 

females 

24 

20 

17 

surgery  (1);  unwilling  to  participate  as  control  (2);  personal  reasons  (1) 

47 

35 

females 

24 

19 

females 

30 

22 

27 

surgery  (2);  unwilling  to  particpate  as  control  (3);  personal  reasons  (3) 

60 

49 

females 

24 

19 

21 

51 

39 

females 

24 

49 

16 

females 

19 

19 

0 

no  dropouts 

40 

39 

females 

28 

26 

7 

time  and  or  moved 

53 

49 

females 

42 

35 

17 

84 

66 

females 

22 

18 

18 

refused  to  participate  or  unavailable  for  testing  (4) 

44 

38 

females 

27 

23 

15 

lacked  interest  (3);  medical  reasons  (1) 

53 

45 

mixed 

50 

38 

24 

death  (1);  personal  (4);  medical  (4) 

119 

80 

mixed 

76 

59 

22 

additional  participants  were  excluded  because  they  became  pregnant  or  started  corticosteroid  use 

148 

121 

females 

64 

27 

58 

nd  (reasons  reported  but  not  separately  for  exercise  and  control  groups) 

141 

55 

females 

16 

10 

38 

30 

21 

females 

34 

33 

3 

unable  to  cope  with  trial  (1) 

68 

64 

females 

10 

9 

10 

unable  to  attend  post- test  evaluation  (1) 

18 

16 

males 

Group 


n_m_e 

nfe 

n_m_c 

n_f_c 

race/ethnicity 

age_e 

16 

19 

30.7 

13 

32.2 

16 

34.6 

30 

25 

white/not  hispanic  or  latino 

38.4 

45 

32 

55.8 

24 

22 

53.7 

48 

44 

58.9 

12 

15 

47.3 

15 

10 

69.0 

9 

9 

10 

39 

40 

64.9 

10 

12 

east  indian  (1),  all  others  white/not  hispanic  or  latino 

56.8 

18 

22 

white 

58.0 

21 

19 

72.8 

32 

31 

white;asian/not  hispanic  or  latino 

28.0 

71 

65 

54.8 

71 

59 

55.8 

5 

5 

white/not  hispanic  or  latino 

56.6 

5 

white/not  hispanic  or  latino 

54.0 

39 

45 

39.0 

26 

27 

53.1 

23 

52.9 

30 

29 

asian/not  hispanic  or  latino 

68.2 

29 

asian/not  hispanic  or  latino 

68.7 

28 

30 

asian/not  hispanic  or  latino 

69.7 

30 

asian/not  hispanic  or  latino 

69.6 

8 

20 

asian/not  hispanic  or  latino 

65.3 

9 

9 

white/not  hispanic  or  latino 

69.1 

115 

112 

white/not  hispanic  or  latino 

68.9 

25 

25 

58.4 

21 

21 

55.7 

24 

36 

60.0 

30 

59.0 

43 

43 

white 

61.7 

44 

42 

white 

60.7 

15 

20 

23.0 

16 

25.0 

32 

32 

white 

79.6 

139 


ics 


agesd_e 

age_r_e_l 

age_r_e_u 

age_c 

agesd_c 

agercj 

age_r_c_u 

7.4 

18 

45 

32.9 

9.4 

18.0 

45.0 

10.0 

18 

45 

7.9 

18 

45 

7.4 

36.4 

7.6 

3.3 

54.9 

4.1 

3.2 

53.4 

4.5 

4.3 

45 

65 

59.6 

3.6 

45.0 

65.0 

2.1 

44 

51 

47.0 

2.7 

41.0 

51.0 

34.9 

57.0 

75 

67.0 

25.3 

57.0 

75.0 

3.0 

60.0 

70.0 

64.2 

3.1 

60.0 

70.0 

6.3 

58.8 

6.2 

6.0 

50 

70 

59.0 

6.0 

50.0 

70.0 

3.6 

66 

87 

73.2 

4.9 

66.0 

87.0 

6.8 

20 

35 

30.1 

4.0 

20.0 

35.0 

4.0 

40 

65 

54.9 

5.0 

40.0 

65.0 

4.7 

40 

65 

57.1 

5.0 

40.0 

65.0 

4.3 

50.0 

61.0 

56.0 

4.5 

53.0 

64.0 

1.9 

51.0 

56.0 

3.0 

35.0 

45.0 

39.0 

3.0 

35.0 

45.0 

0.9 

52.0 

53.0 

53.1 

0.8 

52.0 

53.0 

0.9 

52.0 

53.0 

2.4 

65 

74 

68.1 

2.7 

65.0 

74.0 

3.0 

65 

74 

2.8 

65 

74 

69.3 

3.0 

65.0 

74.0 

3.2 

65 

74 

4.7 

53 

77 

64.9 

5.7 

53.0 

77.0 

2.8 

69.4 

4.2 

3.9 

65 

69.2 

4.1 

65.0 

3.7 

40 

70 

58.4 

3.7 

40 

70 

4.7 

40 

70 

55.7 

4.7 

40 

70 

5.0 

62.0 

6.0 

5.0 

7.6 

50 

79 

61.7 

7.7 

50.0 

79.0 

7.1 

50 

79 

59.9 

7.4 

50.0 

79.0 

4.2 

20 

35 

25.0 

4.7 

20.0 

35.0 

4.4 

20 

35 

2.1 

75 

85 

79.5 

3.2 

75.0 

85.0 

Group 


34 

white 

22 

34 

white/not  hispanic  or  latino 

15 

20 

white 

19 

white 

27 

22 

white 

20 

19 

white/not  hispanic  or  latino 

16 

white/not  hispanic  or  latino 

20 

19 

white/not  hispanic  or  latino 

23 

26 

white  (34);  hispanic  (13);  asian  (1);  indian  (1) 

31 

35 

20 

18 

white  (43);  black  or  african  american  (8);  other  (2) 

31 

34 

21 

26 

white  (95);  other  (17) 

62 

59 

white  (95);  other  (53) 

28 

27 

11 

10 

white/asian:  14/0  exercise,  15/1  control 

31 

33 

asian 

7 

9 

140 


acteristics 


78.9 

2.8 

75 

85 

34.2 

2.6 

28.0 

39.0 

34.4 

2.7 

28.0 

39.0 

67.3 

5.2 

61 

83 

67.9 

5.9 

61.0 

83.0 

70.3 

5.5 

61 

83 

70.1 

5.4 

63 

83 

68.2 

5.7 

63.0 

83.0 

60.3 

7.8 

56.7 

6.9 

57.8 

7.1 

61.1 

3.7 

50.0 

70.0 

57.3 

6.3 

50.0 

70.0 

56.7 

3.2 

50 

65 

56.6 

4.1 

50.0 

65.0 

63.0 

5.0 

50.0 

70.0 

62.0 

5.0 

50.0 

70.0 

68.8 

3.2 

65 

75 

68.2 

3.5 

65.0 

75.0 

70.0 

4.0 

65 

69.0 

4.0 

65.0 

83.0 

4.0 

83.0 

4.0 

36.4 

5.5 

25 

44 

36.2 

5.6 

25.0 

44.0 

24.0 

3.8 

18 

31 

24.2 

3.7 

18.0 

31.0 

56.4 

10.1 

56.0 

10.8 

55.2 

2.8 

45 

60 

54.9 

2.9 

45.0 

60.0 

50.5 

10.1 

41 

70 

59.2 

6.6 

51.0 

72.0 
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ht e 

htsd e 

ht c 

htsd c 

ht_metric 

drugs e 

drugs desc e 

164 

5 

162 

6 

centimeters 

centimeters 

centimeters 

centimeters 

centimeters 

centimeters 

centimeters 

centimeters 

centimeters 

164 

7 

163 

8 

164 

1.2 

164 

1.3 

no 

161 

6 

163 

6 

no 

162 

5 

161 

6 

yes 

no 

no 

no  medication  known  to  interfere  with  bone  metabolism 

no 

use  of  any  medication  that  may  alter  calcium  or  bone  metabolism 

161.9 

6.1 

162.9 

7.3 

no 

none  that  could  affect  bone  metabolism 

164 

6.32 

165 

3.46 

no 

chronic  medication  use  that  might  influence  bone  metabolism  or  calcium  balance 

161 

6 

160 

6 

no  medication  that  influences  glucose  or  lipid  metabolism 

162 

6.3 

160.5 

5.8 

centimeters 

no 

no  medications  known  to  affect  bone  metabolism 

163.4 

7.1 

163.4 

6.9 

centimeters 

no 

not  using  medications  that  alter  bone  density 

163.2 

6.8 

163 

5.3 

centimeters 

no 

not  using  medications  that  alter  bone  density 

some 

no  drugs  that  could  affect  calcium  metabolism  and  absorption 

some 

no  drugs  that  could  affect  calcium  metabolism  and  absorption 

164 

6 

165 

5 

centimeters 

some 

none  that  could  affect  the  skeleton 

161 

6 

161 

5 

centimeters 

some 

164 

5 

centimeters 

some 

152 

7.84 

152 

5.66 

centimeters 

no 

none  that  could  affect  bone  metabolism 

no  osteoporosis  medications  but  could  have  been  taking  other  drugs  that  alter  bmd 

161.8 

6.1 

160.5 

5.8 

centimeters 

no 

no  medication  usage  (bisphosphonates,  hrt,  glucocorticoids,  laxatives) 

165.2 

7 

165.2 

7 

centimeters 

no 

no  medication  known  to  affect  bone  density  including  estrogen,  steroid  hormones,  or  thiazide  diuretics 

165.2 

6.1 

165.2 

6.1 

centimeters 

no 

no  medication  known  to  affect  bone  density  including  estrogen,  steroid  hormones,  or  thiazide  diuretics 

163.3 

5.4 

162.4 

6.6 

centimeters 

no 

no  hormone  replacement  therapy  or  other  medications  that  could  affect  bone 

165.3 

5.8 

centimeters 

no 

no  hormone  replacement  therapy  or  other  medications  that  could  affect  bone 

174.3 

6.3 

174.4 

5.8 

centimeters 

no 

no  medication  known  to  affect  bone  metabolism 

174.2 

6.6 

175 

6.6 

centimeters 

no 

no  medication  known  to  affect  bone  metabolism 

158 

9.9 

159 

6 

centimeters 

158 

8.3 

centimeters 

160.1 

6 

158.3 

8.4 

centimeters 

some 

bisphosphonates  (21);  estrogen  replacement  therapy  (4);  no  medications  that  would  negatively  affect  bone  density 
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157 

6.1 

centimeters 

some 

bisphosphonates  (23);  estrogen  replacement  therapy  (5);  no  medications  that  would  negatively  affect  bone  density 

165 

7.2 

165.8 

5.8 

centimeters 

no 

none  that  could  affect  bone  metabolism 

no 

no  medication  known  to  affect  bone  metabolism 

no 

no  medication  known  to  affect  bone  metabolism 

no 

no  medication  known  to  affect  bone  metabolism 

162.3 

7.1 

162.1 

4.1 

centimeters 

no 

no  medications  in  the  last  12  months  that  could  affect  calcium  metabolism 

159 

5.1 

centimeters 

no 

no  medications  in  the  last  12  months  that  could  affect  calcium  metabolism 

162.8 

6.3 

164 

8.3 

centimeters 

no 

none  that  could  affect  bone  metabolism 

163.3 

4.4 

161.7 

6.6 

centimeters 

no 

no  alendronate,  tamoxifen,  calcitonin,  raloxifene,  glucocorticoids,  residronate 

no 

none  that  could  affect  bone  metabolism 

160.9 

5.5 

159.3 

4.5 

centimeters 

no 

no  drugs  that  could  affect  bone  health  and  metabolism 

164 

10 

163 

9 

centimeters 

no 

exclusion  criteria:  use  of  bone-acting  drugs  within  previous  year 

166.3 

5.6 

165.5 

6.5 

centimeters 

164.55 

7.16 

165.85 

7.18 

centimeters 

no 

no  chronic  medication  that  could  affect  bone  metabolism 

162 

8 

163.5 

6.8 

centimeters 

yes 

prednisone  (all);  DMARD;  NS  AID 

155.3 

6.3 

156.7 

6.3 

centimeters 

no 

no  medication  known  to  affect  the  skeleton 

no 

not  currently  taking  hormones,  osteoporosis  medications  or  steroids 
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drugs c 

drugs desc c 

hrt e 

hrt c 

gluc e 

gluc c 

rheum e 

some 

some 

some 

some 

no 

no 

no 

no 

no 

no 

no 

no 

no 

no 

no 

no 

yes 

yes 

yes 

no 

no 

no 

no 

no 

no 

no 

no 

no 

no 

no  medication  known  to  interfere  with  bone  metabolism 

no 

no 

no 

no 

no 

no 

use  of  any  medication  that  may  alter  calcium  or  bone  metabolism 

no 

no 

no 

no 

some 

some 

some 

no 

none  that  could  affect  bone  metabolism 

no 

no 

no 

no 

no 

no 

chronic  medication  use  that  might  influence  bone  metabolism  or  calcium  balance 

no 

no 

no 

no 

no 

no  medication  that  influences  glucose  or  lipid  metabolism 

no 

no 

no 

no  medications  known  to  affect  bone  metabolism 

no 

no 

no 

no 

no 

no 

no 

not  using  medications  that  alter  bone  density 

yes 

yes 

no 

no 

no 

not  using  medications  that  alter  bone  density 

no 

no 

no 

no 

no 

no  drugs  that  could  affect  calcium  metabolism  and  absorption 

some 

some 

no 

no 

some 

no  drugs  that  could  affect  calcium  metabolism  and  absorption 

some 

no 

some 

none  that  could  affect  the  skeleton 

some 

some 

no 

no 

some 

some 

some 

some 

no 

none  that  could  affect  bone  metabolism 

no 

no 

no 

no 

no  osteoporosis  medications  but  could  have  been  taking  other  drugs  that  alter  bmd 

no 

no 

no 

no  medication  usage  (bisphosphonates,  hrt,  glucocorticoids,  laxatives) 

no 

no 

no 

no 

no 

no  medication  known  to  affect  bone  density  including  estrogen,  steroid  hormones,  or  thiazide  diuretics 

no 

no 

no 

no 

no 

no  medication  known  to  affect  bone  density  including  estrogen,  steroid  hormones,  or  thiazide  diuretics 

no 

no 

no 

no 

no 

no  hormone  replacement  therapy  or  other  medications  that  could  affect  bone 

no 

no 

no 

no 

no 

no 

no 

no  medication  known  to  affect  bone  metabolism 

no 

no 

no 

no 

no 

no  medication  known  to  affect  bone  metabolism 

no 

no 

no 

no 

some 

some 

some 

some 

bisphosphonates  (22);  estrogen  replacement  therapy  (4);  no  medications  that  would  negatively  affect  bone  density 

some 

some 

no 

no 
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some 

no 

no 

none  that  could  affect  bone  metabolism 

no 

no 

no 

no 

no 

no  medication  known  to  affect  bone  metabolism 

no 

no 

no 

no 

no 

no 

no 

no  medication  known  to  affect  bone  metabolism 

no 

no 

no 

no 

no 

no  medications  in  the  last  12  months  that  could  affect  calcium  metabolism 

no 

no 

no 

no 

no 

no 

no 

none  that  could  affect  bone  metabolism 

no 

no 

no 

no 

no 

no  alendronate,  tamoxifen,  calcitonin,  raloxifene,  glucocorticoids,  residronate 

some 

some 

no 

no 

no 

none  that  could  affect  bone  metabolism 

no 

no 

no 

no 

no 

no 

no  drugs  that  could  affect  bone  health  and  metabolism 

no 

no 

no 

exclusion  criteria:  use  of  bone-acting  drugs  within  previous  year 

no 

no 

no 

no 

some 

some 

some 

no 

no  chronic  medication  that  could  affect  calcium  metabolism 

some 

some 

no 

no 

yes 

prednisone  (all);  DMARD;  NSAID 

yes 

yes 

yes 

no 

no  medication  known  to  affect  the  skeleton 

no 

no 

no 

no 

no 

not  currently  taking  hormones,  osteoporosis  medications  or  steroids 

no 

no 

no 

no 
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rheum c 

osteo e 

osteo c 

osteo sec e 

osteo sec c 

osteopen e 

osteopen c 

smoke e 

smoke c 

alcoho e 

alcoho c 

regex e 

regex c 

yes 

yes 

yes 

yes 

no 

no 

no 

no 

no 

some 

some 

yes 

yes 

no 

no 

no 

no 

no 

some 

some 

yes 

yes 

no 

no 

no 

no 

no 

some 

some 

yes 

yes 

no 

some 

some 

no 

no 

some 

some 

some 

some 

yes 

yes 

no 

no 

no 

no 

no 

no 

no 

some 

some 

yes 

yes 

yes 

yes 

yes 

yes 

yes 

no 

no 

no 

no 

no 

no 

no 

some 

some 

yes 

yes 

no 

no 

no 

no 

no 

some 

some 

yes 

yes 

no 

no 

some 

some 

yes 

yes 

no 

no 

no 

no 

no 

no 

no 

no 

no 

no 

no 

no 

no 

no 

yes 

yes 

no 

no 

yes 

yes 

no 

no 

yes 

yes 

yes 

yes 

yes 

no 

no 

yes 

yes 

no 

no 

yes 

yes 

some 

some 

no 

some 

yes 

yes 

some 

some 

yes 

some 

some 

no 

no 

yes 

yes 

no 

no 

yes 

yes 

yes 

no 

no 

yes 

yes 

no 

no 

yes 

yes 

some 

some 

no 

no 

some 

some 

yes 

yes 

no 

no 

yes 

yes 

no 

no 

yes 

yes 

yes 

yes 

yes 

no 

no 

some 

some 

no 

no 

yes 

yes 

no 

no 

some 

some 

no 

no 

yes 

yes 

no 

no 

no 

no 

no 

no 

yes 

yes 

no 

no 

no 

yes 

some 

some 

some 

some 

some 

some 

yes 

yes 
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some 

some 

some 

yes 

yes 

yes 

some 

some 

some 

some 

yes 

yes 

some 

some 

yes 

some 

some 

some 

some 

yes 

yes 

no 

no 

yes 

yes 

some 

yes 

no 

no 

yes 

yes 

no 

no 

some 

some 

some 

some 

some 

some 

yes 

yes 

no 

no 

no 

yes 

yes 

no 

no 

yes 

yes 

some 

some 

some 

some 

some 

yes 

yes 

yes 

yes 

no 

no 

no 

no 

no 

no 

yes 

yes 

yes 

some 

some 

some 

some 

yes 

yes 

no 

no 

yes 

yes 

yes 

yes 
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regex_desc 

no  more  than  1  hour  per  week  of  high-impact  or  weight-bearing  exercise 

no  more  than  1  hour  per  week  of  high-impact  or  weight-bearing  exercise 

no  more  than  1  hour  per  week  of  high-impact  or  weight-bearing  exercise 

current  or  recent  (12  months)  participation  in  vigorous,  regular  exercise  more  than  lh/wk 

current  or  recent  (12  months)  participation  in  vigorous,  regular  exercise  more  than  lh/wk 

current  or  recent  (12  months)  participation  in  vigorous,  regular  exercise  more  than  lh/wk 

not  already  training  at  the  level  of  or  above  that  of  the  intervention 

most  performed  no  regular  physical  training;  none  training  at  a  level  above  that  of  the  intervention 
participation  in  a  regular  and  structured  physical  activity  for  the  last  3  months 

none  engaged  in  any  type  of  competitive  exercise  and  practiced  sports  occasionally  at  a  recreational  level 
none  engaged  in  any  type  of  competitive  exercise  and  practiced  sports  occasionally  at  a  recreational  level 
not  already  taking  regular  exercise 
recent  participation  in  a  vigorous  exercise  program 

sedentary  (no  participation  in  a  systematic/supervised  exercise  program  in  the  last  5  years 

assume  subjects  were  generally  inactive  since  2  control  subjects  dropped  because  they  started  exercising 

no  history  of  vigorous  physical  activity  or  currently  exercising  greater  than  3  strenuous  hours  per  week 

less  than  120  minutes  of  physical  activity  per  week  and  no  weighlifting  or  similar  activity 

less  than  120  minutes  of  physical  activity  per  week  and  no  weighlifting  or  similar  activity 

women  not  active  during  the  last  year 

women  not  active  during  the  last  year 

regular  exercise  not  more  than  2  times  per  week 

vigorous  exercise  no  more  than  2  times  per  week 

vigorous  exercise  no  more  than  2  times  per  week 

no  tai  chi  or  other  regular  exercise 

no  tai  chi  or  other  regular  exercise 

no  tai  chi  or  other  regular  exercise 

no  tai  chi  or  other  regular  exercise 

no  engagement  in  sporting  activity  in  the  previous  5  years 
not  participating  in  regular  exercise  for  the  previous  12  months 

no  participation  in  exercise  studies  in  the  past  2  years  or  athletic  history  last  decade;  average  self-rated  PA  score  4  (range  1-7  with  1  low,  7  high) 

not  exercising  for  more  than  3  hours  per  week  at  a  high  intensity;  no  racquet  sports  or  weight  training  in  last  5  years 

not  exercising  for  more  than  3  hours  per  week  at  a  high  intensity;  no  racquet  sports  or  weight  training  in  last  5  years 

not  exercising  for  more  than  2  hours  per  week  at  a  moderate  intensity;  no  weight  training  in  last  5  years 

not  exercising  for  more  than  2  hours  per  week  at  a  moderate  intensity;  no  weight  training  in  last  5  years 

no  participation  in  resistance  training  in  the  past  12  months  and/or  high-impact  weight  bearing  activities  for  greater  than  30  minutes  three  times  per  week  in  the  preceding  6  months 
no  participation  in  resistance  training  in  the  past  12  months  and/or  high-impact  weight  bearing  activities  for  greater  than  30  minutes  three  times  per  week  in  the  preceding  6  months 
not  engaged  in  regular  exercise  training  in  the  last  6  months  and  V02  max  less  than  or  equal  to  38  ml/kg/min 
not  engaged  in  regular  exercise  training  in  the  last  6  months  and  V02  max  less  than  or  equal  to  38  ml/kg/min 
not  exercising  regularly  more  than  2  times  per  week 
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not  exercising  regularly  more  than  2  times  per  week 

no  history  of  participation  in  athletics,  a  regular  exercise  program  for  up  to  2  years  prior  to  the  study;  leisure  or  occupational  activities  requiring  regular  lifting,  carrying  or  pushing  against  r< 
not  engaged  in  regular  exercise  training  in  the  last  year 
not  engaged  in  regular  exercise  training  in  the  last  year 
not  engaged  in  regular  exercise  training  in  the  last  year 

not  involved  in  any  systematic  aerobic  or  strength  training  program  in  the  last  12  months 
not  involved  in  any  systematic  aerobic  or  strength  training  program  in  the  last  12  months 
no  strength  training  and  less  than  20  minutes  of  aerobic  exercise  two  times  per  week 
no  current  involvement  in  regular  aerobic  exercise  and/or  weight  training  exercise 

excluded  if  exercising  more  than  1  hour  per  week  in  last  year;  average  baseline  physical  activity  equivalent  to  brisk  walking  1.5  hours  per  day  for  the  2  most  active  hours  in  the  day 

no  regular  exercise  of  more  than  30  minutes,  3  times  per  week;  not  actively  engage  in  an  organized  activity  program 

sedentary  lifestyle 

sedentary 

sedentary 

minimally  active  (not  exercising  for  more  than  2  hours  per  week  in  the  last  year) 

not  currently  exercising  (but  advised  to  continue  with  regular  physical  activities  &  therapy  (physical  and  occupational)  as  needed 
sedentary  (no  regular  sports  activities  for  at  least  2  years) 

sedentary  (not  currently  participating  in  regular  exercises  such  as  walking,  jogging,  cycling,  dance  aerobics,  strength  training,  etc.  and  have  not  done  so  for  the  previous  12  months) 


Group  Characteristics 


149 


pachange e 

pachange c 

meno e 

meno c 

meno yrs e 

meno yrs sd e 

meno yrs c 

meno yrs sd c 

calcium e 

calcium c 

vitd e 

vitd c 

fract e 

premenopausal 

premenopausal 

no 

no 

no 

no 

premenopausal 

no 

no 

premenopausal 

no 

no 

no  change 

no  change 

premenopausal 

premenopausal 

no  change 

no  change 

postmenopausal 

postmenopausal 

6.8 

4.2 

5.2 

4 

some 

some 

no  change 

no  change 

postmenopausal 

postmenopausal 

6 

4.3 

6.7 

4.1 

some 

some 

postmenopausal 

postmenopausal 

yes 

yes 

yes 

yes 

yes 

perimenopausal 

perimenopausal 

yes 

yes 

postmenopausal 

postmenopausal 

no 

postmenopausal 

postmenopausal 

postmenopausal 

postmenopausal 

postmenopausal 

15.1 

5.5 

14.6 

6.6 

no  change 

no  change 

postmenopausal 

postmenopausal 

8.6 

6.96 

8.3 

5.89 

yes 

yes 

yes 

yes 

postmenopausal 

postmenopausal 

8 

8 

10 

8 

no  change 

no  change 

postmenopausal 

postmenopausal 

24.7 

22.8 

premenopausal 

premenopausal 

some 

some 

yes 

yes 

postmenopausal 

postmenopausal 

yes 

yes 

no 

postmenopausal 

postmenopausal 

yes 

yes 

no 

postmenopausal 

postmenopausal 

3.47 

2.01 

3.9 

1.75 

no 

no 

postmenopausal 

4.1 

2.97 

no 

no  change 

no  change 

premenopausal 

premenopausal 

mixed 

mixed 

mixed 

postmenopausal 

postmenopausal 

postmenopausal 

no  change 

postmenopausal 

postmenopausal 

16.3 

5.9 

14.8 

6.4 

yes 

yes 

yes 

yes 

postmenopausal 

postmenopausal 

23.7 

11.3 

22.1 

11.2 

yes 

yes 

yes 

yes 

no  change 

no  change 

postmenopausal 

postmenopausal 

20.1 

19.4 

yes 

yes 

yes 

yes 

postmenopausal 

postmenopausal 

7.8 

3.5 

7.8 

3.5 

no 

no 

postmenopausal 

postmenopausal 

6.3 

4 

6.3 

4 

no 

no 

postmenopausal 

postmenopausal 

11 

6 

12 

6 

yes 

yes 

postmenopausal 

9 

5 

yes 

no  change 

no  change 

yes 

yes 

yes 

yes 

no 

no  change 

no  change 

no 

no 

no 

no 

no 

premenopausal 

premenopausal 

yes 

yes 

premenopausal 

yes 

postmenopausal 

postmenopausal 

29.8 

5 

29.7 

6.3 

no 

no 

no 

no 

some 
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postmenopausal 

30.3 

6.5 

no 

no 

some 

no  change 

no  change 

premenopausal 

premenopausal 

yes 

yes 

no  change 

no  change 

postmenopausal 

postmenopausal 

19.7 

19.2 

no  change 

postmenopausal 

22 

no  change 

no  change 

postmenopausal 

postmenopausal 

22.3 

20 

postmenopausal 

postmenopausal 

12.75 

8.75 

8.5 

7 

yes 

yes 

yes 

yes 

postmenopausal 

9.5 

8.92 

yes 

yes 

increase 

decrease 

postmenopausal 

postmenopausal 

11.6 

5 

9.8 

4.6 

some 

some 

some 

postmenopausal 

postmenopausal 

10 

6.5 

9.7 

6.5 

yes 

yes 

no 

postmenopausal 

postmenopausal 

16 

5 

16 

6 

yes 

yes 

postmenopausal 

postmenopausal 

postmenopausal 

postmenopausal 

yes 

yes 

yes 

yes 

postmenopausal 

postmenopausal 

yes 

yes 

yes 

yes 

no  change 

no  change 

premenopausal 

premenopausal 

no 

no 

no 

no 

premenopausal 

premenopausal 

no  change 

mixed 

mixed 

yes 

yes 

yes 

yes 

no 

postmenopausal 

postmenopausal 

3.6 

1.8 

3.7 

2.1 

no 

no 

no 

no 

yes 

yes 

yes 

yes 
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fract c 

fract par e 

fract par c 

strength e 

ex type 

ex type other 

length 

freq ae 

freq r l ae 

freq r u ae 

int ae 

int r l ae 

int r u ae 

strength 

unilateral  hopping 

24 

strength 

unilateral  hopping 

24 

strength 

unilateral  hopping 

24 

no  change 

strength 

vertical  jumps 

20 

no  change 

strength 

vertical  jumps 

51 

no  change 

strength 

vertical  jumps 

51 

yes 

increase 

both 

52 

4 

5 

no  change 

both 

78 

5 

no 

increase 

strength 

24 

increase 

strength 

24 

increase 

strength 

24 

aerobic 

52 

4 

3.5 

4.8 

71 

increase 

strength 

52 

both 

24 

3 

40 

85 

increase 

both 

aerobic,strength, balance, coordination 

47 

2 

increase 

both 

104 

2 

70 

85 

no 

increase 

both 

52 

3 

60 

no 

increase 

both 

52 

3 

60 

aerobic 

52 

3 

aerobic 

52 

3 

no  change 

aerobic 

78 

2.5 

no  change 

strength 

78 

no  change 

aerobic 

78 

3.2 

72 

55 

75 

no  change 

aerobic 

tai  chi 

52 

3 

increase 

strength 

52 

no  change 

aerobic 

tai  chi 

52 

3 

no  change 

strength 

52 

both 

104 

7 

no  change 

both 

also  did  balance  exercises 

32 

3 

both 

78 

2 

70 

85 

increase 

strength 

52 

increase 

strength 

52 

strength 

104 

both 

104 

3 

no 

increase 

both 

72 

3 

no 

increase 

both 

72 

3 

increase 

strength 

52 

no  change 

aerobic 

52 

3 

some 

strength 

25 
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other 

agility  training 

25 

2 

increase 

strength 

78 

increase 

strength 

32 

no  change 

aerobic 

32 

3 

50 

85 

increase 

both 

32 

2 

aerobic 

52 

3 

78.65 

70 

85 

aerobic 

52 

3 

80.3 

70 

85 

some 

increase 

strength 

52 

no 

other 

jump  training 

52 

3 

aerobic 

104 

60 

increase 

strength 

52 

increase 

both 

52 

3 

65 

85 

increase 

both 

24 

2.2 

80 

increase 

strength 

104 

increase 

both 

jump  rope 

96 

no 

both 

52 

2.1 

60 

75 

aerobic 

24 

3 

aerobic 

32 

3 
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int met ae 

int other ae 

int c ae 

dur ae 

dur r l ae 

dur r u ae 

prescription ae 

25 

30 

prescribed 

25 

30 

prescribed 

mhr 

walked  at  brisk  pace  when  hr  not  monitored 

53.13 

14.8 

20.4 

completed 

hrr 

also  did  interval  training  at  90%  of  MHR 

30 

prescribed 

10 

prescribed 

mhr 

40 

prescribed 

mhr 

35.94 

20 

25 

prescribed 

mhr 

35.94 

20 

25 

prescribed 

20 

prescribed 

20 

prescribed 

20 

completed 

vo2 

72.00 

30 

completed 

45 

prescribed 

45 

prescribed 

completed 

30 

45 

prescribed 

mhr 

20 

prescribed 

prescribed 

prescribed 

prescribed 

40 

prescribed 
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prescribed 

hrr 

35 

40 

prescribed 

15 

prescribed 

mhr 

65.08 

30 

prescribed 

lnhr 

67.66 

45 

prescribed 

prescribed 

mhr 

35.94 

180 

240 

prescribed 

mhr 

prescribed 

mhr 

67.19 

25 

15 

30 

completed 

prescribed 

mhr 

15 

20 

completed 

other 

walk  5  to  6  km/hr 

45 

prescribed 

50 

prescribed 
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mode_ae 

walk/other 

walk/other 

walk 

cycle/jog/walk 

walk/jog/other 

high-impact  aerobic  workout  (low-impact  available) 

walk/jog/other 

walk/jog/other 

charleston/heel  jack  without  jump/fast  walk/slow  walk 

jumping  jacks/knee-to-elbow  jump/running  in  place 

jump  training 

other 

cycle/jog/stairclimb/walk/other 

Yang  style  of  tai  chi  (24  forms) 

Yang  style  of  tai  chi  (24  forms  ) 

walk 

walk/stair  climb 

aerobic  dance 

stationary  cycling  as  part  of  a  circuit  training  program 

3  sets  of  10  to  20  repetitions  of  single  and  double  foot  landings,  bench  stepping  and  jumping 

3  sets  of  10  to  20  repetitions  of  single  and  double  foot  landings,  bench  stepping  and  jumping 

step/hop/w/run/2-legged  hops 
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other 

stepping,  skipping,  graded  walking,  jogging,  dancing,  aerobics  and  step  choreographies 

weight  bearing  exercise  (moderate  to  high  impact  marching  in  place,  stepping  exercise,  heel  drops) 

jog/walk 

jog/walk 

other 

walk/other 

stair  climbing,  stationary  cycling,  walking  on  a  treadmill 

walking  on  treadmill,  cycling,  rowing 

other 

walking  &  marching  combined  with  repetitive  arm  movements 

walking 

walking  with  weighted  vest 
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mode_ae_other 

comply_ae 

comply_r_l_ae 

comply_r_u_ae 

3  walks/wk  plus  25  min  aerobic  ex  in  training  session  mixed  with  25  min  strengthening  workout 

95 

3  walks/wk  plus  25  min  aerobic  ex  in  training  session  mixed  with  25  min  strengthening  workout 

also  did  1-2  days  per  week  of  interval  training  after  3  months  (4  minutes  of  exerxcise,  3  minutes  of  recovery) 

steps,  arm  movements 

67 

23 

95 

61.3 

skip/hop/sc/step  box  w/weighted  vests 

79.9 

skip/hop/sc/step  box  w/weighted  vests 

79.9 

80 

82.6 

83 

calisthenics 

graded  treadmill  exercises 

80 

77 

84 

increased  daily  step  count  by  61.3%  per  day 

wore  weighted  vest  while  walking  and  stair  climbing 

76.3 

77 

moderate-impact  weight  bearing  exercises  in  between  resistance  training  exercises 

63 

moderate-impact  weight  bearing  exercises  in  between  resistance  training  exercises 

63 

ball  games,  relay  races,  dance  movements,  obstacle  courses 

87 

77.7 

64.2 

96.8 

72.4 

51.6 

85.9 

78.35 

83.8 

multidirectional  jumping  (25  to  200  jumps  per  session)  progressing  from  the  floor  to  4  inch  and  then  6  inch  steps 


75 
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comply notes ae 

tmin ae 

tmin adj 

supervision ae 

location ae 

both 

home  and  facility  based 

both 

home  and  facility  based 

both 

home  and  facility  based 

unsupervised 

unsupervised 

both 

home  and  facility  based 

subjects  had  to  attend  at  least  85%  of  sessions  to  be  included 

90.00 

supervised 

facility  based 

for  combined  program 

20.00 

13.40 

supervised 

home  and  facility  based 

80.00 

49.04 

supervised 

facility  based 

for  exercise  completers  only 

supervised 

facility  based 

for  exercise  completers  only 

supervised 

facility  based 

60.00 

48.00 

supervised 

facility  based 

60.00 

49.56 

supervised 

facility  based 

50.00 

41.50 

supervised 

facility  based 

both 

96.00 

76.80 

both 

135.00 

103.95 

both 

home  and  facility  based 

135.00 

113.40 

both 

home  and  facility  based 

unsupervised 

home  based 

supervised 

facility  based 

40.00 

30.52 

supervised 

facility  based 

compliance  for  combined  ae  &  wt 

supervised 

facility  based 

95%  Cl,  57%  to  69% 

supervised 

facility  based 

95%  Cl,  57%  to  69% 

supervised 

facility  based 

had  to  attend  at  least  80%  of  sessions 

120.00 

supervised 

facility  based 
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100.00 

87.00 

supervised 

facility  based 

also  did  strength  exercises  for  the  first  6  weeks 

supervised 

facility  based 

median  versus  mean  reported;  compliance  for  both  ae  and  st 

30.00 

21.72 

supervised 

facility  based 

90.00 

70.52 

supervised 

facility  based 

135.00 

113.13 

supervised 

facility  based 

both 

home  and  facility  based 

both 

home  and  facility  based 

reported  as  median  and  interquartile  range  and  combined  for  aerobic  and  weight  training  groups 

supervised 

facility  based 

55.00 

40.32 

supervised 

facility  based 

60.00 

26.22 

unsupervised 

home  and  facility  based 

compliance  for  combined  aerobic  &  weight  training 

unsupervised 

home  based 

number  of  steps  increased  in  walking  group 

135.00 

supervised 

facility  based 

150.00 

144.00 

unsupervised 

home  based 
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participation ae 

freq str 

freq r l str 

freq r u str 

int str 

int r l str 

int r u str 

dur str 

dur r l str 

dur r u str 

sets str 

sets l str 

sets u str 

reps str 

2 

5 

10 

4 

5 

10 

7 

5 

10 

group  &  self 

6 

10 

5 

10 

group  &  self 

6 

10 

5 

10 

group  &  self 

6 

10 

5 

10 

1 

2 

25 

2 

25 

3 

85 

50 

85 

60 

3 

10 

3 

45 

80 

55 

2 

4 

3 

45 

60 

55 

2 

3 

group  &  self 

3 

70 

2 

3 

60 

85 

30 

1 

4 

group  &  self 

2 

12 

2 

group 

3 

40 

3 

70 

80 

2 

3 

70 

80 

2 

group 

group 

group 

2.6 

30 

3 

16 

group  &  self 

3 

1 

30 

group  &  self 

3 

1 

30 

self 

5 

5 

7 

2 

15 

3 

50 

75 

30 

45 

group 

4 

1 

3 

3 

50.9 

40 

60 

20 

30 

3 

8 

3 

15.45 

10 

20 

45 

60 

3 

20 

3 

30 

3 

8 

3 

30 

3 

50 

85 

2 

3 

3 

50 

85 

2 

3 

2.3 

65 

80 

40 

1 

3 

group 

2 

50 

85 

50 

2 
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group 

3 

70 

80 

60 

3 

3 

50 

80 

30 

40 

2 

group 

group 

2 

10 

3 

1 

3 

self 

self 

2 

80 

45 

3 

8 

group  &  self 

group  &  self 

3 

75 

60 

3 

8 

group 

3 

65 

80 

1 

3 

2.2 

73 

65 

100 

1 

3 

2 

3 

self 

3 

70 

16 

2 

self 

2.1 

10 

15 

group 

self 
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reps l str 

reps u str 

rest str 

restlstr 

rest u str 

exn str 

equipment str 

prescription str 

type str 

1 

body  weight 

prescribed 

other 

1 

body  weight 

prescribed 

other 

1 

body  weight 

prescribed 

other 

1 

prescribed 

other 

1 

prescribed 

other 

1 

prescribed 

other 

prescribed 

prescribed 

60 

12 

prescribed 

traditional 

6 

20 

120 

10 

machine  and  free  weights 

prescribed 

traditional 

10 

20 

0 

10 

machine  and  free  weights 

prescribed 

circuit 

8 

10 

12 

plate  loaded  machines  (Pulse  Fitness  Systems  &  Life  Fitness) 

prescribed 

traditional 

4 

15 

free  weights  and  selective  plate  machines 

prescribed 

traditional 

8 

12 

body  weight  and  dumbells 

prescribed 

body  weight,  dumbells,  barbells,  ankle/wrist  weights 

prescribed 

other 

6 

8 

7 

free  weights,  machine,  therabands,  physiotherapy  balls,  weighted  vests 

prescribed 

traditional 

6 

8 

7 

free  weights,  machine,  therabands,  physiotherapy  balls,  weighted  vests 

prescribed 

traditional 

8 

wrist  and  ankle  weights 

completed 

other 

7 

therabands 

prescribed 

other 

7 

therabands 

prescribed 

other 

4 

body  weight 

completed 

other 

8 

10 

Nautilus-type  machines 

prescribed 

traditional 

8 

15 

20 

12 

body  weight  and  therabands 

prescribed 

other 

8 

10 

120 

180 

11 

free  weights  &  resistance  machines 

prescribed 

traditional 

20 

25 

120 

180 

11 

free  weights  &  resistance  machines 

prescribed 

traditional 

9 

prescribed 

traditional 

10 

9 

prescribed 

circuit 

8 

20 

8 

machine  and  free  weights 

prescribed 

8 

20 

8 

machine  and  free  weights 

prescribed 

8 

15 

8 

completed 

circuit 

6 

15 

9 

Keiser  pneumatic  resistance  machines  &  free  weights 

prescribed 

traditional 
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8 

12 

12 

free  weights 

prescribed 

traditional 

6 

15 

120 

8 

variable  resistance  machines  (Nautilus) 

prescribed 

traditional 

8 

15 

weighted  vests,  elastic  bands  and  dumbells 

prescribed 

other 

90 

120 

5 

Keiser  pneumatic  resistance  machines 

prescribed 

traditional 

6 

Universal  Gym 

prescribed 

circuit 

6 

12 

9 

machines 

prescribed 

traditional 

6 

12 

8 

completed 

traditional 

8 

10 

variable  resistance  machines  and  free  weights 

prescribed 

traditional 

8 

12 

15 

16 

Universal  super  circuit 

prescribed 

circuit 

hand  and  cuff  weights 

completed 

other 
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mode str 

mode other str 

comply str 

yes 

hopping  on  one  limb;  subjects  completed  86  hops  per  week 

84 

yes 

hopping  on  one  limb;  subjects  completed  189  hops  per  week 

90 

yes 

hopping  on  one  limb;  subjects  completed  312  hops  per  week 

86 

yes 

yes 

yes 

yes 

95 

yes 

yes 

emphasis  was  on  eccentric  contractions 

90 

yes 

yes 

yes 

77.6 

yes 

movement  centered  around  3  core  exercises:  leg  press,  bench  press,  lat  pulldown 

yes 

also  performed  exercises  for  static  and  dynamic  balance 

67 

yes 

Variety  Training  Program  (circuit  training);  other  (traditional) 

61.3 

yes 

79.9 

yes 

79.9 

yes 

8  rhythmic  muscular  strength-endurance  calisthenics  exercises 

66 

yes 

therabands 

73 

yes 

therabands 

80 

yes 

yes 

yes 

isometric  and  isotonic  exercise  in  circuit  and  traditional  format,  balance,  gymanstics,  stretching 

59.25 

yes 

87 

yes 

89 

yes 

74 

yes 

subjects  performed  all  exercises  for  40  seconds  followed  by  a  10  second  break 

77 

yes 

squats  or  leg  press,  lunges,  hip  aduction/abduction,  pulldown  or  seated  row,  back  extension,  combincation  of  abdominal  and  core  stability  exercises 

63 

yes 

squats  or  leg  press,  lunges,  hip  aduction/abduction,  pulldown  or  seated  row,  back  extension,  combination  of  abdominal  and  core  stability  exercises 

63 

yes 

yes 

85 
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yes 

84 

yes 

78.4 

yes 

squats  while  wearing  weighted  vests,  hip  flexors,  extensors,  abductors,  knee  flexors  and  extensors,  upper  body  exercises 

72.4 

yes 

87.5 

yes 

85 

yes 

88 

yes 

73.3 

yes 

67 

yes 

participants  performed  super  circuit  training 

46.7 

yes 

low  load  strengthening  exercises  for  the  major  peripheral  muscle  groups 

71 
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comply r l str 

comply r u str 

comply notes str 

supervision str 

65 

too 

unsupervised 

74 

too 

unsupervised 

65 

97 

unsupervised 

Compliance  reported  as  the  median  +  IQR  (69%  +  27%) 

both 

Compliance  reported  as  the  median  +  IQR  (91%  +  13%) 

both 

Compliance  reported  as  the  median  +  IQR  (91%  +  13%) 

both 

unsupervised 

unsupervised 

compliance  was  at  least  90% 

supervised 

supervised 

supervised 

supervised 

also  did  1-2  days  per  week  of  interval  training  after  3  months  (4  minutes  of  exerxcise,  3  minutes  of  recovery) 

supervised 

23 

95 

compliance  for  combined  program 

supervised 

compliance  for  intervention  (3  alternating  classes:  aerobic,  circuit,  traditional) 

supervised 

for  exercise  completers  only 

supervised 

for  exercise  completers  only 

supervised 

both 

supervised 

supervised 

unsupervised 

supervised 

averaged  group  (76.3%)  and  home-based  (42.2%)  compliance 

both 

67 

98 

supervised 

69 

too 

supervised 

supervised 

compliance  for  combined  ae  &  wt 

supervised 

95%  Cl,  57%  to  69% 

supervised 

95%  Cl,  57%  to  69% 

supervised 

has  to  attend  at  least  80%  of  the  sessions 

supervised 

supervised 
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supervised 

61.6 

95.9 

supervised 

51.6 

85.9 

median  versus  mean  reported;  compliance  for  both  ae  and  st 

supervised 

supervised 

86%  for  first  3  months;  85%  for  last  9  months 

both 

85 

92 

reported  as  median  and  interquartile  range  and  combined  for  aerobic  and  weight  training  groups 

supervised 

supervised 

30 

100 

both 

unsupervised 

compliance  for  combined  aerobic  &  weight  training 

unsupervised 
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location str 

participation str 

BPAQ  1 

BPAQ  2 

load  stimulus bpaql 

load  stimulus bpaq2 

load  rating bpaql 

load  rating bpaq2 

grf 

rfa 

home  based 

self 

6.44 

0.53 

4.88 

0.40 

122.0 

10.0 

2.8 

home  based 

self 

8.59 

0.7 

4.88 

0.40 

122.0 

9.9 

2.8 

home  based 

self 

10.74 

0.88 

4.44 

0.36 

111.0 

9.1 

2.8 

home  and  facility  based 

group  &  self 

27.24 

27.24 

13.62 

13.62 

340.5 

340.5 

3.01 

43.0 

home  and  facility  based 

group  &  self 

27.24 

27.24 

13.62 

13.62 

340.5 

340.5 

3.96 

155.6 

home  and  facility  based 

group  &  self 

27.24 

27.24 

13.62 

13.62 

340.5 

340.5 

3.96 

156.8 

0.72 

0.72 

0.40 

10.0 

facility  based 

0.71 

0.56 

0.51 

0.40 

12.7 

10.0 

facility  based 

facility  based 

0.64 

0.64 

0.38 

0.38 

9.4 

9.4 

facility  based 

0.71 

0.56 

0.51 

0.40 

12.7 

10.0 

facility  based 

0.56 

0.40 

10.0 

home  and  facility  based 

group  &  self 

0.48 

0.40 

10.0 

facility  based 

group 

30.59 

30.51 

23.17 

23.11 

579.4 

577.8 

facility  based 

0.56 

0.40 

10.0 

facility  based 

0.56 

0.40 

10.0 

2.35 

0.56 

1.68 

0.40 

42.0 

10.0 

1.3 

9.13 

19.07 

6.52 

13.62 

163.0 

340.5 

2.9 

77.02 

77 

59.25 

59.23 

1481.2 

1480.8 

3.85 

0.71 

0.56 

0.54 

0.42 

13.4 

10.6 

2.01 

0.56 

1.40 

0.39 

34.9 

9.7 

0.56 

0.40 

10.0 

facility  based 

group 

0.71 

0.56 

0.51 

0.40 

12.7 

10.0 

0.56 

0.40 

10.0 

facility  based 

group 

0.71 

0.56 

0.51 

0.40 

12.7 

10.0 

home  based 

0.88 

0.40 

10.0 

facility  based 

0.56 

0.40 

10.0 

home  and  facility  based 

group  &  self 

0.64 

0.53 

13.3 

facility  based 

0.71 

0.56 

0.51 

0.40 

12.7 

10.0 

facility  based 

0.71 

0.56 

0.51 

0.40 

12.7 

10.0 

facility  based 

0.71 

0.56 

0.51 

0.40 

12.7 

10.0 

facility  based 

0.56 

0.40 

10.0 

facility  based 

77.02 

77 

55.01 

55.00 

1375.4 

1375.0 

5.6 

facility  based 

77.02 

77 

55.01 

55.00 

1375.4 

1375.0 

5.6 

facility  based 

0.79 

0.62 

0.57 

0.45 

14.2 

11.2 

84.72 

84.7 

55.01 

55.00 

1375.3 

1375.0 

4.2 

87.8 

facility  based 

group 

0.61 

0.48 

0.51 

0.40 

12.7 

10.0 
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0.48 

3 

facility  based 

0.79 

0.62 

0.51 

0.40 

12.8 

10.1 

facility  based 

other 

0.71 

0.56 

0.51 

0.40 

12.7 

10.0 

facility  based 

group 

5.66 

16.34 

4.72 

13.62 

117.9 

340.4 

2.06 

0.56 

0.56 

0.40 

0.40 

10.0 

10.0 

0.56 

0.56 

0.40 

0.40 

10.0 

10.0 

facility  based 

0.61 

0.48 

0.51 

0.40 

12.7 

10.0 

17.71 

19.07 

0.64 

0.64 

facility  based 

0.71 

0.56 

0.51 

0.40 

12.7 

10.0 

facility  based 

group 

0.56 

0.40 

10.0 

facility  based 

0.48 

0.39 

9.7 

facility  based 

group  &  self 

0.61 

0.48 

0.51 

0.40 

12.7 

10.0 

facility  based 

self 

home  based 

self 

0.48 

0.39 

9.8 

0.56 

0.56 

0.40 

0.40 

10.0 

10.0 

0.56 

0.56 

0.40 

0.40 

10.0 

10.0 
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els 

forces 

ground  reaction 

ground  reaction 

ground  reaction 

129.4 

5.1772 

ground  reaction 

616.0 

24.640704 

ground  reaction 

620.8 

24.832368 

ground  reaction 

both 

both 

joint  reaction 

joint  reaction 

joint  reaction 

ground  reaction 

joint  reaction 

both 

both 

both 

both 

both 

ground  reaction 

ground  reaction 

ground  reaction 

joint  reaction 

ground  reaction 

joint  reaction 

joint  reaction 

joint  reaction 

joint  reaction 

both 

both 

both 

joint  reaction 

joint  reaction 

joint  reaction 

joint  reaction 

both 

both 

joint  reaction 

368.8 

14.7504 

ground  reaction 

joint  reaction 
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ground  reaction 

joint  reaction 

joint  reaction 

ground  reaction 

both 

ground  reaction 

ground  reaction 

joint  reaction 

ground  reaction 

ground  reaction 

joint  reaction 

both 

both 

joint  reaction 

both 

both 

ground  reaction 

both 

172 


Group  Characteristics 


notes_gc 

used  running  &  jogging  for  BPAQ  score 

used  running  &  jogging  for  BPAQ  score 

used  running  &  jogging  for  BPAQ  score 

no  hrt  for  at  least  12  months 

no  hrt  for  at  least  12  months 

hrt  for  at  least  12  months 

data  for  1  exercise  participant  excluded  because  of  hyperthyroidism 

total  exercise  time  was  108  minutes  per  week 

women  were  3  to  10.9  years  postmenopausal;  taking  hrt  for  1-5.9  years 

women  were  3  to  10.9  years  postmenopausal;  not  taking  hrt  for  >1  year 

12  fractures  from  falls  in  controls  versus  6  in  exercisers  during  the  study 

participants  did  resistance  training  with  weight  bearing  exercise  interspersed  between  each  weight  training  exercise 

participants  did  resistance  training  with  weight  bearing  exercise  interspersed  between  each  weight  training  exercise 

Group  Characteristics 


participants  encouraged  to  exercise  with  a  partner 

participants  also  performed  10  minutes  of  static  and  dynamic  balance  exercises 

20  control  subjects  walked;  one  control  subject  stair  climbed;  one  control  subject  rowed  and  hiked 

subjects  performed  flexibility,  balance  and  coordination  exercises,  added  weight  training,  and  then  added  aerobic  exercise 

couldn't  calculate  BPAQ  score  because  no  frequency  for  jumping  rope  prescribed 

subjects  with  femoral  neck  or  lumbar  spine  BMD  3.5  SD  below  young  healthy  normal  controls  excluded  from  study;  subjects  walked  wth  weighted  vest 

Outcome  Characteristics 
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study id3 new 

author3 

group id2 

outcome id 

outcome variable 

outcome other 

outcome class 

outcome test 

2 

Bailey  &  Brooke-Wavell 

1 

1 

femoral  neck 

primary 

dexa 

2 

Bailey  &  Brooke-Wavell 

1 

2 

other 

upper  femoral  neck 

secondary 

dexa 

2 

Bailey  &  Brooke-Wavell 

1 

3 

other 

lower  femoral  neck 

secondary 

dexa 

2 

Bailey  &  Brooke-Wavell 

1 

4 

trochanter(ic) 

secondary 

dexa 

2 

Bailey  &  Brooke-Wavell 

1 

5 

body  weight 

secondary 

other 

2 

Bailey  &  Brooke-Wavell 

1 

6 

body  mass  index 

secondary 

other 

2 

Bailey  &  Brooke-Wavell 

1 

7 

percent  body  fat 

secondary 

other 

2 

Bailey  &  Brooke-Wavell 

2 

1 

femoral  neck 

primary 

dexa 

2 

Bailey  &  Brooke-Wavell 

2 

2 

other 

upper  femoral  neck 

secondary 

dexa 

2 

Bailey  &  Brooke-Wavell 

2 

3 

other 

lower  femoral  neck 

secondary 

dexa 

2 

Bailey  &  Brooke-Wavell 

2 

4 

trochanter(ic) 

secondary 

dexa 

2 

Bailey  &  Brooke-Wavell 

2 

5 

body  weight 

secondary 

other 

2 

Bailey  &  Brooke-Wavell 

2 

6 

body  mass  index 

secondary 

other 

2 

Bailey  &  Brooke-Wavell 

2 

7 

percent  body  fat 

secondary 

other 

2 

Bailey  &  Brooke-Wavell 

3 

1 

femoral  neck 

primary 

dexa 

2 

Bailey  &  Brooke-Wavell 

3 

2 

other 

upper  femoral  neck 

secondary 

dexa 

2 

Bailey  &  Brooke-Wavell 

3 

3 

other 

lower  femoral  neck 

secondary 

dexa 

2 

Bailey  &  Brooke-Wavell 

3 

4 

trochanter(ic) 

secondary 

dexa 

2 

Bailey  &  Brooke-Wavell 

3 

5 

body  weight 

secondary 

other 

2 

Bailey  &  Brooke-Wavell 

3 

6 

body  mass  index 

secondary 

other 

2 

Bailey  &  Brooke-Wavell 

3 

7 

percent  body  fat 

secondary 

other 

302 

Bassey  et  al. 

1 

1 

lumbar  spine 

primary 

dexa 

302 

Bassey  et  al. 

1 

2 

femoral  neck 

primary 

dexa 

302 

Bassey  et  al. 

1 

3 

trochanter(ic) 

secondary 

dexa 

302 

Bassey  et  al. 

1 

4 

body  weight 

secondary 

302 

Bassey  et  al. 

1 

5 

body  mass  index 

secondary 

302 

Bassey  et  al. 

1 

6 

muscular  power-lower 

secondary 

302 

Bassey  et  al. 

1 

7 

balance-dynamic 

secondary 

302 

Bassey  et  al. 

2 

1 

lumbar  spine 

primary 

dexa 

302 

Bassey  et  al. 

2 

2 

femoral  neck 

primary 

dexa 

302 

Bassey  et  al. 

2 

3 

trochanter(ic) 

secondary 

dexa 

302 

Bassey  et  al. 

2 

4 

body  weight 

secondary 

302 

Bassey  et  al. 

2 

5 

body  mass  index 

secondary 

302 

Bassey  et  al. 

2 

6 

calcium  intake 

secondary 

302 

Bassey  et  al. 

3 

1 

lumbar  spine 

primary 

dexa 

302 

Bassey  et  al. 

3 

2 

femoral  neck 

primary 

dexa 

302 

Bassey  et  al. 

3 

3 

trochanter(ic) 

secondary 

dexa 

302 

Bassey  et  al. 

3 

4 

body  weight 

secondary 

302 

Bassey  et  al. 

3 

5 

body  mass  index 

secondary 

Outcome  Characteristics 


302 

Bassey  et  at. 

3 

6 

calcium  intake 

secondary 

302 

Bassey  et  at. 

3 

7 

balance-dynamic 

secondary 

298 

Bergstrom  et  al. 

1 

1 

body  mass  index 

secondary 

other 

298 

Bergstrom  et  al. 

1 

2 

muscular  strength-lower 

secondary 

other 

298 

Bergstrom  et  al. 

1 

3 

lumbar  spine 

L1-L4 

primary 

dexa 

298 

Bergstrom  et  al. 

1 

4 

lumbar  spine 

L2-L4 

primary 

dexa 

298 

Bergstrom  et  al. 

1 

5 

hip-total 

secondary 

dexa 

298 

Bergstrom  et  al. 

1 

6 

femoral  neck 

primary 

dexa 

298 

Bergstrom  et  al. 

1 

7 

muscular  strength-lower 

secondary 

other 

298 

Bergstrom  et  al. 

1 

8 

lumbar  spine 

L1-L4 

primary 

dexa 

298 

Bergstrom  et  al. 

1 

9 

lumbar  spine 

L2-L4 

primary 

dexa 

298 

Bergstrom  et  al. 

1 

10 

hip-total 

secondary 

dexa 

298 

Bergstrom  et  al. 

1 

11 

femoral  neck 

primary 

dexa 

1057 

Bergstrom  et  al. 

1 

1 

body  mass  index 

secondary 

other 

1057 

Bergstrom  et  al. 

1 

2 

lumbar  spine 

L2-L4 

primary 

dexa 

1057 

Bergstrom  et  al. 

1 

3 

femoral  neck 

primary 

dexa 

1057 

Bergstrom  et  al. 

1 

4 

muscular  strength-lower 

secondary 

other 

744 

Bocalini  et  al. 

1 

1 

femoral  neck 

primary 

dexa 

744 

Bocalini  et  al. 

1 

2 

lumbar  spine 

L1-L4 

primary 

dexa 

744 

Bocalini  et  al. 

1 

3 

muscular  strength-lower 

secondary 

other 

744 

Bocalini  et  al. 

1 

4 

muscular  strength-upper 

secondary 

other 

744 

Bocalini  et  al. 

1 

5 

body  weight 

secondary 

other 

744 

Bocalini  et  al. 

1 

6 

body  mass  index 

secondary 

other 

744 

Bocalini  et  al. 

1 

7 

percent  body  fat 

secondary 

other 

1170 

Brentano  et  al. 

1 

1 

body  weight 

secondary 

1170 

Brentano  et  al. 

1 

2 

other 

fat  mass 

secondary 

1170 

Brentano  et  al. 

1 

3 

aerobic  fitness 

secondary 

other 

1170 

Brentano  et  al. 

1 

4 

aerobic  fitness 

secondary 

other 

1170 

Brentano  et  al. 

1 

5 

muscular  strength-upper 

secondary 

other 

1170 

Brentano  et  al. 

1 

6 

muscular  strength-lower 

secondary 

other 

1170 

Brentano  et  al. 

1 

7 

muscular  strength 

secondary 

other 

1170 

Brentano  et  al. 

1 

8 

lumbar  spine 

L2-L4 

primary 

dexa 

1170 

Brentano  et  al. 

1 

9 

femoral  neck 

primary 

dexa 

1170 

Brentano  et  al. 

1 

10 

trochanter(ic) 

secondary 

dexa 

1170 

Brentano  et  al. 

1 

11 

ward's  triangle 

secondary 

dexa 

1170 

Brentano  et  al. 

1 

12 

intertrochanter(ic) 

secondary 

dexa 

1170 

Brentano  et  al. 

2 

1 

body  weight 

secondary 

1170 

Brentano  et  al. 

2 

2 

other 

fat  mass 

secondary 

1170 

Brentano  et  al. 

2 

3 

aerobic  fitness 

secondary 

other 

1170 

Brentano  et  al. 

2 

4 

aerobic  fitness 

secondary 

other 

Outcome  Characteristics 


1170 

Brentano  et  at. 

2 

5 

muscular  strength-upper 

secondary 

other 

1170 

Brentano  et  at. 

2 

6 

muscular  strength-lower 

secondary 

other 

1170 

Brentano  et  at. 

2 

7 

muscular  strength 

secondary 

other 

1170 

Brentano  et  at. 

2 

8 

lumbar  spine 

L2-L4 

primary 

dexa 

1170 

Brentano  et  at. 

2 

9 

femoral  neck 

primary 

dexa 

1170 

Brentano  et  at. 

2 

10 

trochanter(ic) 

secondary 

dexa 

1170 

Brentano  et  at. 

2 

11 

ward's  triangle 

secondary 

dexa 

1170 

Brentano  et  at. 

2 

12 

intertrochanter(ic) 

secondary 

dexa 

26 

Brooke-Wavell  et  al. 

1 

1 

lumbar  spine 

L2-L4 

primary 

dexa 

26 

Brooke-Wavell  et  al. 

1 

2 

femoral  neck 

primary 

dexa 

26 

Brooke-Wavell  et  al. 

1 

3 

calcaneus 

secondary 

dexa 

26 

Brooke-Wavell  et  al. 

1 

4 

body  weight 

secondary 

26 

Brooke-Wavell  et  al. 

1 

5 

body  mass  index 

secondary 

26 

Brooke-Wavell  et  al. 

1 

6 

calcium  intake 

secondary 

362 

Chilibeck  et  al. 

1 

1 

body  weight 

secondary 

other 

362 

Chilibeck  et  al. 

1 

2 

body  mass  index 

secondary 

other 

362 

Chilibeck  et  al. 

1 

3 

percent  body  fat 

secondary 

dexa 

362 

Chilibeck  et  al. 

1 

4 

calcium  intake 

secondary 

other 

362 

Chilibeck  et  al. 

1 

5 

vitamin  D  intake 

secondary 

other 

362 

Chilibeck  et  al. 

1 

6 

lumbar  spine 

L1-L4 

primary 

dexa 

362 

Chilibeck  et  al. 

1 

7 

femur-proximal 

secondary 

dexa 

362 

Chilibeck  et  al. 

1 

8 

femoral  neck 

primary 

dexa 

362 

Chilibeck  et  al. 

1 

9 

trochanter(ic) 

secondary 

dexa 

362 

Chilibeck  et  al. 

1 

10 

ward's  triangle 

secondary 

dexa 

362 

Chilibeck  et  al. 

1 

11 

whole  body 

secondary 

dexa 

362 

Chilibeck  et  al. 

1 

12 

muscular  strength-upper 

secondary 

other 

362 

Chilibeck  et  al. 

1 

13 

muscular  strength-lower 

secondary 

other 

1085 

Choquette  et  al. 

1 

1 

body  weight 

secondary 

other 

1085 

Choquette  et  al. 

1 

2 

body  mass  index 

secondary 

other 

1085 

Choquette  et  al. 

1 

3 

other 

fat  mass 

secondary 

dexa 

1085 

Choquette  et  al. 

1 

4 

lean  body  mass 

secondary 

dexa 

1085 

Choquette  et  al. 

1 

5 

percent  body  fat 

secondary 

dexa 

1085 

Choquette  et  al. 

1 

6 

whole  body 

secondary 

dexa 

1085 

Choquette  et  al. 

1 

7 

lumbar  spine 

L2-L4 

primary 

dexa 

1085 

Choquette  et  al. 

1 

8 

hip-total 

secondary 

dexa 

1085 

Choquette  et  al. 

1 

9 

femoral  neck 

primary 

dexa 

1085 

Choquette  et  al. 

1 

10 

trochanter(ic) 

secondary 

dexa 

1085 

Choquette  et  al. 

1 

11 

ward's  triangle 

secondary 

dexa 

405 

Englund  et  al. 

1 

1 

body  weight 

secondary 

other 

405 

Englund  et  al. 

1 

2 

body  mass  index 

secondary 

other 

Outcome  Characteristics 


405 

Englund  et  at. 

1 

3 

lean  body  mass 

secondary 

dexa 

405 

Englund  et  at. 

1 

4 

whole  body 

secondary 

dexa 

405 

Englund  et  at. 

1 

5 

arm 

secondary 

dexa 

405 

Englund  et  al. 

1 

6 

lumbar  spine 

primary 

dexa 

405 

Englund  et  al. 

1 

7 

femoral  neck 

primary 

dexa 

405 

Englund  et  al. 

1 

8 

trochanter(ic) 

secondary 

dexa 

405 

Englund  et  al. 

1 

9 

ward's  triangle 

secondary 

dexa 

405 

Englund  et  al. 

1 

10 

muscular  strength 

secondary 

other 

405 

Englund  et  al. 

1 

11 

muscular  strength 

secondary 

other 

405 

Englund  et  al. 

1 

12 

aerobic  fitness 

secondary 

other 

405 

Englund  et  al. 

1 

13 

balance-static 

secondary 

other 

405 

Englund  et  al. 

1 

14 

balance 

secondary 

other 

407 

Friedlander  et  al. 

1 

1 

body  weight 

secondary 

other 

407 

Friedlander  et  al. 

1 

2 

percent  body  fat 

secondary 

other 

407 

Friedlander  et  al. 

1 

3 

lumbar  spine 

primary 

dexa 

407 

Friedlander  et  al. 

1 

4 

femoral  neck 

primary 

dexa 

407 

Friedlander  et  al. 

1 

5 

trochanter(ic) 

secondary 

dexa 

407 

Friedlander  et  al. 

1 

6 

aerobic  fitness 

secondary 

other 

407 

Friedlander  et  al. 

1 

7 

muscular  strength-lower 

secondary 

other 

407 

Friedlander  et  al. 

1 

8 

muscular  strength-lower 

secondary 

other 

407 

Friedlander  et  al. 

1 

9 

muscular  strength-upper 

secondary 

other 

407 

Friedlander  et  al. 

1 

10 

muscular  strength-upper 

secondary 

other 

161 

Going  et  al. 

1 

1 

body  weight 

secondary 

other 

161 

Going  et  al. 

1 

2 

body  mass  index 

secondary 

other 

161 

Going  et  al. 

1 

3 

lean  body  mass 

secondary 

dexa 

161 

Going  et  al. 

1 

4 

percent  body  fat 

secondary 

dexa 

161 

Going  et  al. 

1 

5 

femoral  neck 

primary 

dexa 

161 

Going  et  al. 

1 

6 

trochanter(ic) 

secondary 

dexa 

161 

Going  et  al. 

1 

7 

lumbar  spine 

L2-L4 

primary 

dexa 

161 

Going  et  al. 

1 

8 

whole  body 

secondary 

dexa 

161 

Going  et  al. 

2 

1 

body  weight 

secondary 

other 

161 

Going  et  al. 

2 

2 

body  mass  index 

secondary 

other 

161 

Going  et  al. 

2 

3 

lean  body  mass 

secondary 

dexa 

161 

Going  et  al. 

2 

4 

percent  body  fat 

secondary 

dexa 

161 

Going  et  al. 

2 

5 

femoral  neck 

primary 

dexa 

161 

Going  et  al. 

2 

6 

trochanter(ic) 

secondary 

dexa 

161 

Going  et  al. 

2 

7 

lumbar  spine 

L2-L4 

primary 

dexa 

161 

Going  et  al. 

2 

8 

whole  body 

secondary 

dexa 

71 

Grove  &  Londeree/Grove 

1 

1 

lumbar  spine 

L2-L4 

primary 

dpa 

71 

Grove  &  Londeree/Grove 

1 

2 

body  weight 

secondary 

Outcome  Characteristics 


71 

Grove  &  Londeree/Grove 

1 

3 

percent  body  fat 

secondary 

71 

Grove  &  Londeree/Grove 

1 

4 

lean  body  mass 

secondary 

71 

Grove  &  Londeree/Grove 

1 

5 

aerobic  fitness 

secondary 

71 

Grove  &  Londeree/Grove 

1 

6 

calcium  intake 

secondary 

71 

Grove  &  Londeree/Grove 

2 

1 

lumbar  spine 

L2-L4 

primary 

dpa 

71 

Grove  &  Londeree/Grove 

2 

2 

body  weight 

secondary 

71 

Grove  &  Londeree/Grove 

2 

3 

percent  body  fat 

secondary 

71 

Grove  &  Londeree/Grove 

2 

4 

lean  body  mass 

secondary 

71 

Grove  &  Londeree/Grove 

2 

5 

aerobic  fitness 

secondary 

71 

Grove  &  Londeree/Grove 

2 

6 

calcium  intake 

secondary 

21 

Heinonen  et  at. 

1 

1 

lumbar  spine 

primary 

dexa 

21 

Heinonen  et  at. 

1 

2 

femoral  neck 

primary 

dexa 

21 

Heinonen  et  al. 

1 

3 

trochanter(ic) 

secondary 

dexa 

21 

Heinonen  et  al. 

1 

4 

femur-distal 

secondary 

dexa 

21 

Heinonen  et  al. 

1 

5 

patella 

secondary 

dexa 

21 

Heinonen  et  al. 

1 

6 

tibia-proximal 

secondary 

dexa 

21 

Heinonen  et  al. 

1 

7 

calcaneus 

secondary 

dexa 

21 

Heinonen  et  al. 

1 

8 

radius-distal 

secondary 

dexa 

21 

Heinonen  et  al. 

1 

9 

body  weight 

secondary 

21 

Heinonen  et  al. 

1 

10 

body  mass  index 

secondary 

21 

Heinonen  et  al. 

1 

11 

percent  body  fat 

secondary 

21 

Heinonen  et  al. 

1 

12 

lean  body  mass 

secondary 

21 

Heinonen  et  al. 

1 

13 

aerobic  fitness 

secondary 

21 

Heinonen  et  al. 

1 

14 

calcium  intake 

secondary 

21 

Heinonen  et  al. 

1 

15 

muscular  strength 

trunk 

secondary 

21 

Heinonen  et  al. 

1 

16 

muscular  strength 

trunk 

secondary 

21 

Heinonen  et  al. 

1 

17 

muscular  strength-lower 

secondary 

21 

Heinonen  et  al. 

1 

18 

muscular  strength-upper 

secondary 

21 

Heinonen  et  al. 

1 

19 

muscular  power-lower 

secondary 

21 

Heinonen  et  al. 

1 

20 

muscular  power-lower 

secondary 

21 

Heinonen  et  al. 

1 

21 

balance-dynamic 

secondary 

951 

Heinonen  et  al. 

1 

1 

lumbar  spine 

primary 

dexa 

951 

Heinonen  et  al. 

1 

2 

femoral  neck 

primary 

dexa 

951 

Heinonen  et  al. 

1 

3 

calcaneus 

secondary 

dexa 

951 

Heinonen  et  al. 

1 

4 

radius-distal 

secondary 

dexa 

951 

Heinonen  et  al. 

1 

5 

body  weight 

secondary 

951 

Heinonen  et  al. 

1 

6 

body  mass  index 

secondary 

951 

Heinonen  et  al. 

1 

7 

percent  body  fat 

secondary 

951 

Heinonen  et  al. 

1 

8 

lean  body  mass 

secondary 

951 

Heinonen  et  al. 

1 

9 

calcium  intake 

secondary 

Outcome  Characteristics 


951 

Heinonen  et  at. 

1 

10 

muscular  strength-upper 

trunk  extension 

secondary 

951 

Heinonen  et  at. 

1 

11 

muscular  strength-upper 

trunk  flexion 

secondary 

951 

Heinonen  et  al. 

1 

12 

muscular  strength-lower 

leg  press 

secondary 

951 

Heinonen  et  al. 

1 

13 

muscular  strength-upper 

elbow  flexion 

secondary 

951 

Heinonen  et  al. 

1 

14 

aerobic  fitness 

secondary 

951 

Heinonen  et  al. 

2 

1 

lumbar  spine 

primary 

dexa 

951 

Heinonen  et  al. 

2 

2 

femoral  neck 

primary 

dexa 

951 

Heinonen  et  al. 

2 

3 

calcaneus 

secondary 

dexa 

951 

Heinonen  et  al. 

2 

4 

radius-distal 

secondary 

dexa 

951 

Heinonen  et  al. 

2 

5 

body  weight 

secondary 

951 

Heinonen  et  al. 

2 

6 

body  mass  index 

secondary 

951 

Heinonen  et  al. 

2 

7 

percent  body  fat 

secondary 

951 

Heinonen  et  al. 

2 

8 

calcium  intake 

secondary 

951 

Heinonen  et  al. 

2 

9 

muscular  strength-upper 

trunk  extension 

secondary 

951 

Heinonen  et  al. 

2 

10 

muscular  strength-upper 

trunk  flexion 

secondary 

951 

Heinonen  et  al. 

2 

11 

muscular  strength-lower 

leg  press 

secondary 

951 

Heinonen  et  al. 

2 

12 

muscular  strength-upper 

elbow  flexion 

secondary 

951 

Heinonen  et  al. 

2 

13 

aerobic  fitness 

secondary 

1019 

Hong 

1 

1 

hip-total 

secondary 

dexa 

1019 

Hong 

1 

2 

femoral  neck 

primary 

dexa 

1019 

Hong 

1 

3 

i  n  tertrochanter(  ic) 

secondary 

dexa 

1019 

Hong 

1 

4 

lumbar  spine 

L2-L4 

primary 

dexa 

1019 

Hong 

1 

5 

body  weight 

secondary 

other 

1019 

Hong 

1 

6 

body  mass  index 

secondary 

other 

1019 

Hong 

1 

7 

muscular  strength-upper 

secondary 

other 

1019 

Hong 

1 

8 

muscular  strength-lower 

secondary 

other 

1019 

Hong 

1 

9 

balance-static 

secondary 

other 

1019 

Hong 

1 

10 

balance-static 

secondary 

other 

1019 

Hong 

1 

11 

balance-static 

secondary 

other 

1019 

Hong 

1 

12 

lean  body  mass 

secondary 

dexa 

1019 

Hong 

2 

1 

hip-total 

secondary 

dexa 

1019 

Hong 

2 

2 

femoral  neck 

primary 

dexa 

1019 

Hong 

2 

3 

intertrochanter(ic) 

secondary 

dexa 

1019 

Hong 

2 

4 

lumbar  spine 

L2-L4 

primary 

dexa 

1019 

Hong 

2 

5 

body  weight 

secondary 

other 

1019 

Hong 

2 

6 

body  mass  index 

secondary 

other 

1019 

Hong 

2 

7 

muscular  strength-upper 

secondary 

other 

1019 

Hong 

2 

8 

muscular  strength-lower 

secondary 

other 

1019 

Hong 

2 

9 

balance-static 

secondary 

other 

1019 

Hong 

2 

10 

balance-static 

secondary 

other 

Outcome  Characteristics 


1019 

Hong 

2 

11 

balance-static 

secondary 

other 

1019 

Hong 

2 

12 

lean  body  mass 

secondary 

dexa 

1019 

Hong 

3 

1 

hip-total 

secondary 

dexa 

1019 

Hong 

3 

2 

femoral  neck 

primary 

dexa 

1019 

Hong 

3 

3 

intertrochanter(ic) 

secondary 

dexa 

1019 

Hong 

3 

4 

lumbar  spine 

L2-L4 

primary 

dexa 

1019 

Hong 

3 

5 

body  weight 

secondary 

other 

1019 

Hong 

3 

6 

body  mass  index 

secondary 

other 

1019 

Hong 

3 

7 

muscular  strength-upper 

secondary 

other 

1019 

Hong 

3 

8 

muscular  strength-lower 

secondary 

other 

1019 

Hong 

3 

9 

balance-static 

secondary 

other 

1019 

Hong 

3 

10 

balance-static 

secondary 

other 

1019 

Hong 

3 

11 

balance-static 

secondary 

other 

1019 

Hong 

3 

12 

lean  body  mass 

secondary 

dexa 

1019 

Hong 

4 

1 

hip-total 

secondary 

dexa 

1019 

Hong 

4 

2 

femoral  neck 

primary 

dexa 

1019 

Hong 

4 

3 

intertrochanter(ic) 

secondary 

dexa 

1019 

Hong 

4 

4 

lumbar  spine 

L2-L4 

primary 

dexa 

1019 

Hong 

4 

5 

body  weight 

secondary 

other 

1019 

Hong 

4 

6 

body  mass  index 

secondary 

other 

1019 

Hong 

4 

7 

muscular  strength-upper 

secondary 

other 

1019 

Hong 

4 

8 

muscular  strength-lower 

secondary 

other 

1019 

Hong 

4 

9 

balance-static 

secondary 

other 

1019 

Hong 

4 

10 

balance-static 

secondary 

other 

1019 

Hong 

4 

11 

balance-static 

secondary 

other 

1019 

Hong 

4 

12 

lean  body  mass 

secondary 

dexa 

135 

Iwamoto  et  at. 

1 

1 

body  weight 

secondary 

other 

135 

Iwamoto  et  at. 

1 

2 

body  mass  index 

secondary 

other 

135 

Iwamoto  et  al. 

1 

3 

lumbar  spine 

L2-L4 

primary 

dexa 

819 

Jessup  et  al. 

1 

1 

femoral  neck 

primary 

dexa 

819 

Jessup  et  al. 

1 

2 

lumbar  spine 

primary 

dexa 

819 

Jessup  et  al. 

1 

3 

balance-static 

secondary 

dexa 

819 

Jessup  et  al. 

1 

4 

muscular  strength 

secondary 

other 

819 

Jessup  et  al. 

1 

5 

body  weight 

secondary 

other 

827 

Kemmler  et  al. 

1 

1 

body  weight 

secondary 

other 

827 

Kemmler  et  al. 

1 

2 

percent  body  fat 

secondary 

dexa 

827 

Kemmler  et  al. 

1 

3 

calcium  intake 

secondary 

other 

827 

Kemmler  et  al. 

1 

4 

aerobic  fitness 

secondary 

other 

827 

Kemmler  et  al. 

1 

5 

lumbar  spine 

primary 

dexa 

827 

Kemmler  et  al. 

1 

6 

femoral  neck 

primary 

dexa 

Outcome  Characteristics 


827 

Kemmler  et  at. 

1 

7 

fractures 

secondary 

other 

205 

Kerr  et  at. 

1 

1 

body  weight 

secondary 

other 

205 

Kerr  et  at. 

1 

2 

whole  body 

secondary 

dexa 

205 

Kerr  et  at. 

1 

3 

percent  body  fat 

secondary 

205 

Kerr  et  at. 

1 

4 

lean  body  mass 

secondary 

205 

Kerr  et  al. 

1 

5 

trochanter(ic) 

secondary 

dexa 

205 

Kerr  et  al. 

1 

6 

intertrochanter(ic) 

secondary 

dexa 

205 

Kerr  et  al. 

1 

7 

femoral  neck 

primary 

dexa 

205 

Kerr  et  al. 

1 

8 

ward's  triangle 

secondary 

dexa 

205 

Kerr  et  al. 

1 

9 

radius-ultra-distal 

secondary 

dexa 

205 

Kerr  et  al. 

1 

10 

radius-mid 

secondary 

dexa 

205 

Kerr  et  al. 

1 

11 

radius- 1/3 

secondary 

dexa 

205 

Kerr  et  al. 

1 

12 

muscular  strength-lower 

hip  extension 

secondary 

other 

205 

Kerr  et  al. 

1 

13 

muscular  strength-lower 

hip  flexion 

secondary 

other 

205 

Kerr  et  al. 

1 

14 

muscular  strength-lower 

hip  abduction 

secondary 

other 

205 

Kerr  et  al. 

1 

15 

muscular  strength-lower 

hip  adduction 

secondary 

other 

205 

Kerr  et  al. 

1 

16 

muscular  strength-lower 

leg  press 

secondary 

other 

205 

Kerr  et  al. 

1 

17 

muscular  strength-upper 

wrist  curl 

secondary 

other 

205 

Kerr  et  al. 

1 

18 

muscular  strength-upper 

reverse  wrist  curl 

secondary 

other 

205 

Kerr  et  al. 

1 

19 

muscular  strength-upper 

wrist  pronation/supination 

secondary 

other 

205 

Kerr  et  al. 

1 

20 

muscular  strength-upper 

biceps  curl 

secondary 

other 

205 

Kerr  et  al. 

1 

21 

muscular  strength-upper 

triceps  push  down 

secondary 

other 

205 

Kerr  et  al. 

2 

1 

body  weight 

secondary 

other 

205 

Kerr  et  al. 

2 

2 

whole  body 

secondary 

dexa 

205 

Kerr  et  al. 

2 

3 

percent  body  fat 

secondary 

205 

Kerr  et  al. 

2 

4 

lean  body  mass 

secondary 

205 

Kerr  et  al. 

2 

5 

trochanter(ic) 

secondary 

dexa 

205 

Kerr  et  al. 

2 

6 

intertrochanter(ic) 

secondary 

dexa 

205 

Kerr  et  al. 

2 

7 

femoral  neck 

primary 

dexa 

205 

Kerr  et  al. 

2 

8 

ward's  triangle 

secondary 

dexa 

205 

Kerr  et  al. 

2 

9 

radius-ultra-distal 

secondary 

dexa 

205 

Kerr  et  al. 

2 

10 

radius-mid 

secondary 

dexa 

205 

Kerr  et  al. 

2 

11 

radius- 1/3 

secondary 

dexa 

205 

Kerr  et  al. 

2 

12 

muscular  strength-lower 

hip  extension 

secondary 

other 

205 

Kerr  et  al. 

2 

13 

muscular  strength-lower 

hip  flexion 

secondary 

other 

205 

Kerr  et  al. 

2 

14 

muscular  strength-lower 

hip  abduction 

secondary 

other 

205 

Kerr  et  al. 

2 

15 

muscular  strength-lower 

hip  adduction 

secondary 

other 

205 

Kerr  et  al. 

2 

16 

muscular  strength-lower 

leg  press 

secondary 

other 

205 

Kerr  et  al. 

2 

17 

muscular  strength-upper 

wrist  curl 

secondary 

other 

205 

Kerr  et  al. 

2 

18 

muscular  strength-upper 

reverse  wrist  curl 

secondary 

other 

Outcome  Characteristics 


205 

Kerr  et  at. 

2 

19 

muscular  strength-upper 

wrist  pronation/supination 

secondary 

other 

205 

Kerr  et  at. 

2 

20 

muscular  strength-upper 

biceps  curl 

secondary 

other 

205 

Kerr  et  al. 

2 

21 

muscular  strength-upper 

biceps  push  down 

secondary 

other 

322 

Kerr  et  al. 

1 

1 

body  weight 

secondary 

other 

322 

Kerr  et  al. 

1 

2 

percent  body  fat 

secondary 

other 

322 

Kerr  et  al. 

1 

3 

lean  body  mass 

secondary 

other 

322 

Kerr  et  al. 

1 

4 

lumbar  spine 

L1-L4 

primary 

dexa 

322 

Kerr  et  al. 

1 

5 

hip-total 

secondary 

dexa 

322 

Kerr  et  al. 

1 

6 

trochanter(ic) 

secondary 

dexa 

322 

Kerr  et  al. 

1 

7 

intertrochanter(  ic ) 

secondary 

dexa 

322 

Kerr  et  al. 

1 

8 

femoral  neck 

primary 

dexa 

322 

Kerr  et  al. 

1 

9 

radius-ultra-distal 

secondary 

dexa 

322 

Kerr  et  al. 

1 

10 

radius-mid 

secondary 

dexa 

322 

Kerr  et  al. 

1 

11 

radius- 1/3 

secondary 

dexa 

322 

Kerr  et  al. 

1 

12 

whole  body 

secondary 

dexa 

322 

Kerr  et  al. 

2 

1 

body  weight 

secondary 

other 

322 

Kerr  et  al. 

2 

2 

percent  body  fat 

secondary 

other 

322 

Kerr  et  al. 

2 

3 

lean  body  mass 

secondary 

other 

322 

Kerr  et  al. 

2 

4 

lumbar  spine 

L1-L4 

primary 

dexa 

322 

Kerr  et  al. 

2 

5 

hip-total 

secondary 

dexa 

322 

Kerr  et  al. 

2 

6 

trochanter(ic) 

secondary 

dexa 

322 

Kerr  et  al. 

2 

7 

intertrochanter(  ic ) 

secondary 

dexa 

322 

Kerr  et  al. 

2 

8 

femoral  neck 

primary 

dexa 

322 

Kerr  et  al. 

2 

9 

radius-ultra-distal 

secondary 

dexa 

322 

Kerr  et  al. 

2 

10 

radius-mid 

secondary 

dexa 

322 

Kerr  et  al. 

2 

11 

radius- 1/3 

secondary 

dexa 

322 

Kerr  et  al. 

2 

12 

whole  body 

secondary 

dexa 

1113 

Kukuljan  et  al. 

1 

1 

body  weight 

secondary 

other 

1113 

Kukuljan  et  al. 

1 

2 

body  mass  index 

secondary 

other 

1113 

Kukuljan  et  al. 

1 

3 

calcium  intake 

secondary 

other 

1113 

Kukuljan  et  al. 

1 

4 

vitamin  D  intake 

secondary 

other 

1113 

Kukuljan  et  al. 

1 

5 

lumbar  spine 

L1-L4 

primary 

dexa 

1113 

Kukuljan  et  al. 

1 

6 

femoral  neck 

primary 

dexa 

1113 

Kukuljan  et  al. 

1 

7 

hip-total 

secondary 

dexa 

1113 

Kukuljan  et  al. 

2 

1 

body  weight 

secondary 

other 

1113 

Kukuljan  et  al. 

2 

2 

body  mass  index 

secondary 

other 

1113 

Kukuljan  et  al. 

2 

3 

calcium  intake 

secondary 

other 

1113 

Kukuljan  et  al. 

2 

4 

vitamin  D  intake 

secondary 

other 

1113 

Kukuljan  et  al. 

2 

5 

lumbar  spine 

L1-L4 

primary 

dexa 

1113 

Kukuljan  et  al. 

2 

6 

femoral  neck 

primary 

dexa 

Outcome  Characteristics 


1113 

Kukuljan  et  at. 

2 

7 

hip-total 

secondary 

dexa 

1118 

Liang  et  at. 

1 

1 

body  weight 

secondary 

other 

1118 

Liang  et  at. 

1 

2 

body  mass  index 

secondary 

other 

1118 

Liang  et  al. 

1 

3 

aerobic  fitness 

secondary 

other 

1118 

Liang  et  al. 

1 

4 

os  calcis 

secondary 

dexa 

1118 

Liang  et  al. 

1 

5 

wrist 

secondary 

dexa 

1118 

Liang  et  al. 

1 

6 

lower  limb 

secondary 

dexa 

1118 

Liang  et  al. 

1 

7 

hip-total 

secondary 

dexa 

1118 

Liang  et  al. 

1 

8 

femoral  neck 

primary 

dexa 

1118 

Liang  et  al. 

1 

9 

trochanter(ic) 

secondary 

dexa 

1118 

Liang  et  al. 

1 

10 

ward's  triangle 

secondary 

dexa 

1118 

Liang  et  al. 

1 

11 

lumbar  spine 

L1-L4 

primary 

dexa 

1118 

Liang  et  al. 

1 

12 

percent  body  fat 

secondary 

dexa 

1118 

Liang  et  al. 

1 

13 

lean  body  mass 

secondary 

dexa 

1118 

Liang  et  al. 

1 

14 

calcium  intake 

secondary 

other 

1118 

Liang  et  al. 

1 

15 

muscular  strength-lower 

secondary 

other 

1118 

Liang  et  al. 

2 

1 

body  weight 

secondary 

other 

1118 

Liang  et  al. 

2 

2 

body  mass  index 

secondary 

other 

1118 

Liang  et  al. 

2 

3 

aerobic  fitness 

secondary 

other 

1118 

Liang  et  al. 

2 

4 

os  calcis 

secondary 

dexa 

1118 

Liang  et  al. 

2 

5 

wrist 

secondary 

dexa 

1118 

Liang  et  al. 

2 

6 

lower  limb 

secondary 

dexa 

1118 

Liang  et  al. 

2 

7 

hip-total 

secondary 

dexa 

1118 

Liang  et  al. 

2 

8 

femoral  neck 

primary 

dexa 

1118 

Liang  et  al. 

2 

9 

trochanter(ic) 

secondary 

dexa 

1118 

Liang  et  al. 

2 

10 

ward's  triangle 

secondary 

dexa 

1118 

Liang  et  al. 

2 

11 

lumbar  spine 

L1-L4 

primary 

dexa 

1118 

Liang  et  al. 

2 

12 

percent  body  fat 

secondary 

dexa 

1118 

Liang  et  al. 

2 

13 

lean  body  mass 

secondary 

dexa 

1118 

Liang  et  al. 

2 

14 

calcium  intake 

secondary 

other 

1118 

Liang  et  al. 

2 

15 

muscular  strength-lower 

secondary 

other 

85 

Liu-Ambrose  et  al. 

1 

1 

body  weight 

secondary 

85 

Liu-Ambrose  et  al. 

1 

2 

lean  body  mass 

secondary 

dexa 

85 

Liu-Ambrose  et  al. 

1 

3 

other 

fat  mass 

secondary 

dexa 

85 

Liu-Ambrose  et  al. 

1 

4 

hip-total 

secondary 

dexa 

85 

Liu-Ambrose  et  al. 

1 

5 

femoral  neck 

primary 

dexa 

85 

Liu-Ambrose  et  al. 

1 

6 

trochanter(ic) 

secondary 

dexa 

85 

Liu-Ambrose  et  al. 

1 

7 

other 

tibia  -  cortical  content  (50% 

secondary 

pqct 

85 

Liu-Ambrose  et  al. 

1 

8 

other 

tibia  -  cortical  area  (50%  tib 

secondary 

pqct 

85 

Liu-Ambrose  et  al. 

1 

9 

other 

tibia  -  cortical  density 

secondary 

pqct 

Outcome  Characteristics 


85 

Liu-Ambrose  et  at. 

1 

10 

other 

tibia  -  stress  strain  index  (5( 

secondary 

pqct 

85 

Liu-Ambrose  et  at. 

1 

11 

other 

tibia  -  total  content  (10%  til 

secondary 

pqct 

85 

Liu-Ambrose  et  at. 

1 

12 

other 

tibia  -  total  area  (10%  tibia) 

secondary 

pqct 

85 

Liu-Ambrose  et  al. 

1 

13 

other 

tibia  -  total  density  (10%  tib 

secondary 

pqct 

85 

Liu-Ambrose  et  al. 

1 

14 

other 

radius  -  cortical  content  (30 

secondary 

pqct 

85 

Liu-Ambrose  et  al. 

1 

15 

other 

radius  -  cortical  area  (30%  r 

secondary 

pqct 

85 

Liu-Ambrose  et  al. 

1 

16 

other 

radius  -  cortical  density  (30' 

secondary 

pqct 

85 

Liu-Ambrose  et  al. 

1 

17 

other 

radius  -  stress  strain  index  0 

secondary 

pqct 

85 

Liu-Ambrose  et  al. 

1 

18 

other 

radius  -  total  content  (10%  l 

secondary 

pqct 

85 

Liu-Ambrose  et  al. 

1 

19 

other 

radius  -  total  area  (10%  radi 

secondary 

pqct 

85 

Liu-Ambrose  et  al. 

1 

20 

other 

radius  -  total  density  (10%  r 

secondary 

pqct 

85 

Liu-Ambrose  et  al. 

2 

1 

body  weight 

secondary 

85 

Liu-Ambrose  et  al. 

2 

2 

lean  body  mass 

secondary 

dexa 

85 

Liu-Ambrose  et  al. 

2 

3 

other 

fat  mass 

secondary 

dexa 

85 

Liu-Ambrose  et  al. 

2 

4 

hip-total 

secondary 

dexa 

85 

Liu-Ambrose  et  al. 

2 

5 

femoral  neck 

primary 

dexa 

85 

Liu-Ambrose  et  al. 

2 

6 

trochanter(ic) 

secondary 

dexa 

85 

Liu-Ambrose  et  al. 

2 

7 

other 

tibia  -  cortical  content  (50% 

secondary 

pqct 

85 

Liu-Ambrose  et  al. 

2 

8 

other 

tibia  -  cortical  area  (50%  tib 

secondary 

pqct 

85 

Liu-Ambrose  et  al. 

2 

9 

other 

tibia  -  cortical  density 

secondary 

pqct 

85 

Liu-Ambrose  et  al. 

2 

10 

other 

tibia  -  stress  strain  index  (5( 

secondary 

pqct 

85 

Liu-Ambrose  et  al. 

2 

11 

other 

tibia  -  total  content  (10%  til 

secondary 

pqct 

85 

Liu-Ambrose  et  al. 

2 

12 

other 

tibia  -  total  area  (10%  tibia) 

secondary 

pqct 

85 

Liu-Ambrose  et  al. 

2 

13 

other 

tibia  -  total  density  (10%  tib 

secondary 

pqct 

85 

Liu-Ambrose  et  al. 

2 

14 

other 

radius  -  cortical  content  (30 

secondary 

pqct 

85 

Liu-Ambrose  et  al. 

2 

15 

other 

radius  -  cortical  area  (30%  r 

secondary 

pqct 

85 

Liu-Ambrose  et  al. 

2 

16 

other 

radius  -  cortical  density  (30' 

secondary 

pqct 

85 

Liu-Ambrose  et  al. 

2 

17 

other 

radius  -  stress  strain  index  0 

secondary 

pqct 

85 

Liu-Ambrose  et  al. 

2 

18 

other 

radius  -  total  content  (10%  l 

secondary 

pqct 

85 

Liu-Ambrose  et  al. 

2 

19 

other 

radius  -  total  area  (10%  radi 

secondary 

pqct 

85 

Liu-Ambrose  et  al. 

2 

20 

other 

radius  -  total  density  (10%  r 

secondary 

pqct 

184 

Lohman  et  al. 

1 

1 

whole  body 

secondary 

dexa 

184 

Lohman  et  al. 

1 

2 

lumbar  spine 

12-14 

primary 

dexa 

184 

Lohman  et  al. 

1 

3 

femoral  neck 

primary 

dexa 

184 

Lohman  et  al. 

1 

4 

trochanter(ic) 

secondary 

dexa 

184 

Lohman  et  al. 

1 

5 

ward's  triangle 

secondary 

dexa 

184 

Lohman  et  al. 

1 

6 

radius 

secondary 

dexa 

184 

Lohman  et  al. 

1 

7 

body  weight 

secondary 

184 

Lohman  et  al. 

1 

8 

body  mass  index 

secondary 

184 

Lohman  et  al. 

1 

9 

percent  body  fat 

secondary 

Outcome  Characteristics 


184 

Lohman  et  at. 

1 

10 

lean  body  mass 

secondary 

1120 

Marques  et  al. 

1 

1 

calcium  intake 

secondary 

other 

1120 

Marques  et  al. 

1 

2 

vitamin  D  intake 

secondary 

other 

1120 

Marques  et  al. 

1 

3 

body  mass  index 

secondary 

other 

1120 

Marques  et  al. 

1 

4 

lean  body  mass 

secondary 

dexa 

1120 

Marques  et  al. 

1 

5 

percent  body  fat 

secondary 

dexa 

1120 

Marques  et  al. 

1 

6 

balance-dynamic 

secondary 

other 

1120 

Marques  et  al. 

1 

7 

balance-static 

secondary 

other 

1120 

Marques  et  al. 

1 

8 

muscular  strength-lower 

secondary 

other 

1120 

Marques  et  al. 

1 

9 

muscular  strength-lower 

secondary 

other 

1120 

Marques  et  al. 

1 

10 

muscular  strength-lower 

secondary 

other 

1120 

Marques  et  al. 

1 

11 

muscular  strength-lower 

secondary 

other 

1120 

Marques  et  al. 

1 

12 

femoral  neck 

primary 

dexa 

1120 

Marques  et  al. 

1 

13 

trochanter(ic) 

secondary 

dexa 

1120 

Marques  et  al. 

1 

14 

intertrochanter(  ic ) 

secondary 

dexa 

1120 

Marques  et  al. 

1 

15 

hip-total 

secondary 

dexa 

1120 

Marques  et  al. 

2 

1 

calcium  intake 

secondary 

other 

1120 

Marques  et  al. 

2 

2 

vitamin  D  intake 

secondary 

other 

1120 

Marques  et  al. 

2 

3 

body  mass  index 

secondary 

other 

1120 

Marques  et  al. 

2 

4 

lean  body  mass 

secondary 

dexa 

1120 

Marques  et  al. 

2 

5 

percent  body  fat 

secondary 

dexa 

1120 

Marques  et  al. 

2 

6 

balance-dynamic 

secondary 

other 

1120 

Marques  et  al. 

2 

7 

balance-static 

secondary 

other 

1120 

Marques  et  al. 

2 

8 

muscular  strength-lower 

secondary 

other 

1120 

Marques  et  al. 

2 

9 

muscular  strength-lower 

secondary 

other 

1120 

Marques  et  al. 

2 

10 

muscular  strength-lower 

secondary 

other 

1120 

Marques  et  al. 

2 

11 

muscular  strength-lower 

secondary 

other 

1120 

Marques  et  al. 

2 

12 

femoral  neck 

primary 

dexa 

1120 

Marques  et  al. 

2 

13 

trochanter(ic) 

secondary 

dexa 

1120 

Marques  et  al. 

2 

14 

intertrochanter(  ic ) 

secondary 

dexa 

1120 

Marques  et  al. 

2 

15 

hip-total 

secondary 

dexa 

1121 

Marques  et  al. 

1 

1 

calcium  intake 

secondary 

other 

1121 

Marques  et  al. 

1 

2 

vitamin  D  intake 

secondary 

other 

1121 

Marques  et  al. 

1 

3 

body  mass  index 

secondary 

other 

1121 

Marques  et  al. 

1 

4 

percent  body  fat 

secondary 

dexa 

1121 

Marques  et  al. 

1 

5 

lean  body  mass 

secondary 

dexa 

1121 

Marques  et  al. 

1 

6 

aerobic  fitness 

secondary 

other 

1121 

Marques  et  al. 

1 

7 

muscular  strength-upper 

secondary 

other 

1121 

Marques  et  al. 

1 

8 

balance-dynamic 

secondary 

other 

1121 

Marques  et  al. 

1 

9 

balance-static 

secondary 

other 
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1121 

Marques  et  at. 

1 

10 

muscular  strength-lower 

secondary 

other 

1121 

Marques  et  al. 

1 

11 

muscular  strength-lower 

secondary 

other 

1121 

Marques  et  al. 

1 

12 

muscular  strength-lower 

secondary 

other 

1121 

Marques  et  al. 

1 

13 

muscular  strength-lower 

secondary 

other 

1121 

Marques  et  al. 

1 

14 

muscular  strength-lower 

secondary 

other 

1121 

Marques  et  al. 

1 

15 

muscular  strength-lower 

secondary 

other 

1121 

Marques  et  al. 

1 

16 

muscular  strength-lower 

secondary 

other 

1121 

Marques  et  al. 

1 

17 

muscular  strength-lower 

secondary 

other 

1121 

Marques  et  al. 

1 

18 

muscular  strength-lower 

secondary 

other 

1121 

Marques  et  al. 

1 

19 

femoral  neck 

primary 

dexa 

1121 

Marques  et  al. 

1 

20 

trochanter(ic) 

secondary 

dexa 

1121 

Marques  et  al. 

1 

21 

intertrochanter(ic) 

secondary 

dexa 

1121 

Marques  et  al. 

1 

22 

hip-total 

secondary 

dexa 

1121 

Marques  et  al. 

1 

23 

lumbar  spine 

L1-L4 

primary 

dexa 

19 

Martin  &  Notelovitz 

1 

1 

lumbar  spine 

primary 

dpa 

19 

Martin  &  Notelovitz 

1 

2 

body  weight 

secondary 

19 

Martin  &  Notelovitz 

1 

3 

body  mass  index 

secondary 

19 

Martin  &  Notelovitz 

1 

4 

aerobic  fitness 

secondary 

19 

Martin  &  Notelovitz 

2 

1 

lumbar  spine 

primary 

dpa 

19 

Martin  &  Notelovitz 

2 

2 

body  weight 

secondary 

19 

Martin  &  Notelovitz 

2 

3 

body  mass  index 

secondary 

19 

Martin  &  Notelovitz 

2 

4 

aerobic  fitness 

secondary 

170 

Nelson  et  al. 

1 

1 

femoral  neck 

primary 

dexa 

170 

Nelson  et  al. 

1 

2 

lumbar  spine 

primary 

dexa 

170 

Nelson  et  al. 

1 

3 

body  weight 

secondary 

170 

Nelson  et  al. 

1 

4 

body  mass  index 

secondary 

170 

Nelson  et  al. 

1 

5 

calcium  intake 

secondary 

170 

Nelson  et  al. 

1 

6 

muscular  strength-lower 

double  leg  press 

secondary 

other 

170 

Nelson  et  al. 

1 

7 

muscular  strength-lower 

knee  extension 

secondary 

other 

170 

Nelson  et  al. 

1 

8 

muscular  strength-upper 

lateral  pulldown 

secondary 

other 

170 

Nelson  et  al. 

1 

9 

muscular  strength-upper 

back  extension 

secondary 

other 

170 

Nelson  et  al. 

1 

10 

muscular  strength-upper 

abdominal  flexion 

secondary 

other 

170 

Nelson  et  al. 

1 

11 

balance-dynamic 

secondary 

other 

170 

Nelson  et  al. 

1 

12 

other 

physical  activity  score 

secondary 

other 

863 

Newstead  et  al. 

1 

1 

body  weight 

secondary 

863 

Newstead  et  al. 

1 

2 

body  mass  index 

secondary 

863 

Newstead  et  al. 

1 

3 

femoral  neck 

primary 

dexa 

863 

Newstead  et  al. 

1 

4 

hip-total 

secondary 

dexa 

863 

Newstead  et  al. 

1 

5 

lumbar  spine 

L1-L4 

primary 

dexa 

365 

Prince  et  al. 

1 

1 

spine 

secondary 

dexa 
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365 

Prince  et  at. 

1 

2 

hip-total 

secondary 

dexa 

365 

Prince  et  at. 

1 

3 

lower  limb 

secondary 

dexa 

365 

Prince  et  al. 

1 

4 

trochanter(ic) 

secondary 

dexa 

365 

Prince  et  al. 

1 

5 

intertrochanter(ic) 

secondary 

dexa 

365 

Prince  et  al. 

1 

6 

femoral  neck 

primary 

dexa 

365 

Prince  et  al. 

1 

7 

tibia-mid 

secondary 

dexa 

365 

Prince  et  al. 

1 

8 

ultradistal 

secondary 

dexa 

174 

Rhodes  et  al. 

1 

1 

body  weight 

secondary 

174 

Rhodes  et  al. 

1 

2 

femoral  neck 

primary 

dexa 

174 

Rhodes  et  al. 

1 

3 

ward's  triangle 

secondary 

dexa 

174 

Rhodes  et  al. 

1 

4 

trochanter(ic) 

secondary 

dexa 

174 

Rhodes  et  al. 

1 

5 

lumbar  spine 

L2-L4 

primary 

dexa 

174 

Rhodes  et  al. 

1 

6 

muscular  strength-upper 

secondary 

other 

174 

Rhodes  et  al. 

1 

7 

muscular  strength-upper 

bench  press 

secondary 

other 

174 

Rhodes  et  al. 

1 

8 

muscular  strength-lower 

leg  press 

secondary 

other 

174 

Rhodes  et  al. 

1 

9 

muscular  strength-upper 

biceps  curl 

secondary 

other 

174 

Rhodes  et  al. 

1 

10 

muscular  strength-upper 

triceps  push  down 

secondary 

other 

174 

Rhodes  et  al. 

1 

11 

muscular  strength-lower 

quadriceps  curl 

secondary 

other 

30 

Villareal  et  al. 

1 

1 

body  mass  index 

secondary 

other 

30 

Villareal  et  al. 

1 

2 

aerobic  fitness 

secondary 

other 

30 

Villareal  et  al. 

1 

3 

body  weight 

secondary 

other 

30 

Villareal  et  al. 

1 

4 

lean  body  mass 

secondary 

dexa 

30 

Villareal  et  al. 

1 

5 

other 

fat  mass 

secondary 

dexa 

30 

Villareal  et  al. 

1 

6 

hip-total 

secondary 

dexa 

30 

Villareal  et  al. 

1 

7 

muscular  strength 

secondary 

other 

30 

Villareal  et  al. 

1 

8 

balance-dynamic 

secondary 

other 

30 

Villareal  et  al. 

1 

9 

balance-static 

secondary 

other 

30 

Villareal  et  al. 

1 

10 

whole  body 

secondary 

dexa 

30 

Villareal  et  al. 

1 

11 

lumbar  spine 

primary 

dexa 

913 

Villareal  et  al. 

1 

1 

body  weight 

secondary 

913 

Villareal  et  al. 

1 

2 

aerobic  fitness 

secondary 

913 

Villareal  et  al. 

1 

3 

hip-total 

secondary 

dexa 

913 

Villareal  et  al. 

1 

4 

trochanter(ic) 

secondary 

dexa 

913 

Villareal  et  al. 

1 

5 

femoral  neck 

primary 

dexa 

913 

Villareal  et  al. 

1 

6 

lumbar  spine 

L2-L4 

primary 

dexa 

913 

Villareal  et  al. 

1 

7 

whole  body 

secondary 

dexa 

913 

Villareal  et  al. 

1 

8 

calcium  intake 

secondary 

913 

Villareal  et  al. 

1 

9 

vitamin  D  intake 

secondary 

920 

Warren  et  al. 

1 

1 

muscular  strength-upper 

bench  press 

secondary 

other 

920 

Warren  et  al. 

1 

2 

muscular  strength-lower 

leg  press 

secondary 

other 

Outcome  Characteristics 


920 

Warren  et  at. 

1 

3 

body  weight 

secondary 

other 

920 

Warren  et  at. 

1 

4 

other 

fat  mass 

secondary 

dexa 

920 

Warren  et  at. 

1 

5 

lean  body  mass 

secondary 

dexa 

920 

Warren  et  at. 

1 

6 

trochanter(ic) 

secondary 

dexa 

920 

Warren  et  at. 

1 

7 

femoral  neck 

primary 

dexa 

920 

Warren  et  at. 

1 

8 

femur 

secondary 

dexa 

920 

Warren  et  at. 

1 

9 

lumbar  spine 

primary 

dexa 

239 

Weaver  et  at. 

1 

1 

aerobic  fitness 

secondary 

other 

239 

Weaver  et  al. 

1 

2 

muscular  strength 

secondary 

other 

239 

Weaver  et  al. 

1 

3 

lean  body  mass 

secondary 

dexa 

239 

Weaver  et  al. 

1 

4 

lumbar  spine 

L2-L4 

primary 

dexa 

239 

Weaver  et  al. 

1 

5 

radius 

secondary 

spa 

239 

Weaver  et  al. 

1 

6 

femoral  neck 

primary 

dexa 

239 

Weaver  et  al. 

1 

7 

trochanter(ic)-greater 

secondary 

dexa 

239 

Weaver  et  al. 

1 

8 

ward's  triangle 

secondary 

dexa 

239 

Weaver  et  al. 

1 

9 

body  weight 

secondary 

dexa 

239 

Weaver  et  al. 

1 

10 

calcium  intake 

secondary 

other 

922 

Westby  et  al. 

1 

1 

body  weight 

secondary 

922 

Westby  et  al. 

1 

2 

lumbar  spine 

L2-L4 

primary 

dexa 

922 

Westby  et  al. 

1 

3 

femoral  neck 

primary 

dexa 

105 

Wu  et  al. 

1 

1 

body  weight 

secondary 

105 

Wu  et  al. 

1 

2 

body  mass  index 

secondary 

105 

Wu  et  al. 

1 

3 

calcium  intake 

secondary 

105 

Wu  et  al. 

1 

4 

vitamin  D  intake 

secondary 

105 

Wu  et  al. 

1 

5 

whole  body 

secondary 

dexa 

105 

Wu  et  al. 

1 

6 

lean  body  mass 

secondary 

dexa 

105 

Wu  et  al. 

1 

7 

other 

fat  mass 

secondary 

dexa 

105 

Wu  et  al. 

1 

8 

lumbar  spine 

L2-L4 

primary 

dexa 

105 

Wu  et  al. 

1 

9 

hip-total 

secondary 

dexa 

105 

Wu  et  al. 

1 

10 

femoral  neck 

primary 

dexa 

105 

Wu  et  al. 

1 

11 

trochanter(ic) 

secondary 

dexa 

930 

Zeilman  III 

1 

1 

body  weight 

secondary 

other 

930 

Zeilman  III 

1 

2 

body  mass  index 

secondary 

other 

930 

Zeilman  III 

1 

3 

lumbar  spine 

L2-L4 

primary 

dexa 

930 

Zeilman  III 

1 

4 

hip-total 

secondary 

dexa 

930 

Zeilman  III 

1 

5 

femoral  neck 

primary 

dexa 
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outcome test desc 

reliablity 

metric 

metric other 

Lunar  Prodigy  Advance,  GE  Lunar 

1.4%  (coefficient  of  variation) 

gm cm 2 

Lunar  Prodigy  Advance,  GE  Lunar 

1.8%  (coefficient  of  variation) 

gm cm 2 

Lunar  Prodigy  Advance,  GE  Lunar 

1.3%  (coefficient  of  variation) 

gm cm 2 

Lunar  Prodigy  Advance,  GE  Lunar 

2.3%  (coefficient  of  variation) 

gm cm 2 

light  indoor  clothing  using  digital  scales 

kilograms 

derived  from  measures  of  height  and  weight 

kgmsquared 

percentage 

Lunar  Prodigy  Advance,  GE  Lunar 

1.4%  (coefficient  of  variation) 

gm cm 2 

Lunar  Prodigy  Advance,  GE  Lunar 

1.8%  (coefficient  of  variation) 

gm cm 2 

Lunar  Prodigy  Advance,  GE  Lunar 

1.3%  (coefficient  of  variation) 

gm cm 2 

Lunar  Prodigy  Advance,  GE  Lunar 

2.3%  (coefficient  of  variation) 

gm cm 2 

light  indoor  clothing  using  digital  scales 

kilograms 

derived  from  measures  of  height  and  weight 

kgmsquared 

percentage 

Lunar  Prodigy  Advance,  GE  Lunar 

1.4%  (coefficient  of  variation) 

gm cm 2 

Lunar  Prodigy  Advance,  GE  Lunar 

1.8%  (coefficient  of  variation) 

gm cm 2 

Lunar  Prodigy  Advance,  GE  Lunar 

1.3%  (coefficient  of  variation) 

gm cm 2 

Lunar  Prodigy  Advance,  GE  Lunar 

2.3%  (coefficient  of  variation) 

gm cm 2 

light  indoor  clothing  using  digital  scales 

kilograms 

derived  from  measures  of  height  and  weight 

kgmsquared 

percentage 

1.4%  (coefficient  of  variation) 

gm cm 2 

1.4%  (coefficient  of  variation) 

gm cm 2 

2.0%  (coefficient  of  variation) 

gm cm 2 

kilograms 

kgmsquared 

watts 

one  foot,  20  seconds,  other  foot  struck  two  hydraulic  switches 

other 

1.4%  (coefficient  of  variation) 

gm cm 2 

1.4%  (coefficient  of  variation) 

gm cm 2 

2.0%  (coefficient  of  variation) 

gm cm 2 

kilograms 

kgmsquared 

milligrams 

1.4%  (coefficient  of  variation) 

gm cm 2 

1.4%  (coefficient  of  variation) 

gm cm 2 

2.0%  (coefficient  of  variation) 

gm cm 2 

kilograms 

kgmsquared 
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milligrams 

one  foot,  20  seconds,  other  foot  struck  two  hydraulic  switches 

other 

derived  from  measures  of  height  and  weight 

kgmsquared 

chair  stand  test 

other 

seconds 

Lunar  Prodigy  10631  GE  Medical  Systems 

1%  (precision) 

gm cm 2 

Lunar  Prodigy  10631  GE  Medical  Systems 

1%  (precision) 

gm cm 2 

Lunar  Prodigy  10631  GE  Medical  Systems 

gm cm 2 

Lunar  Prodigy  10631  GE  Medical  Systems 

gm cm 2 

chair  stand  test 

other 

seconds 

Lunar  Prodigy  10631  GE  Medical  Systems 

1%  (precision) 

gm cm 2 

Lunar  Prodigy  10631  GE  Medical  Systems 

1%  (precision) 

gm cm 2 

Lunar  Prodigy  10631  GE  Medical  Systems 

gm cm 2 

Lunar  Prodigy  10631  GE  Medical  Systems 

gm cm 2 

derived  from  measures  of  height  and  weight 

kgmsquared 

Hologic 

gm cm 2 

Hologic 

gm cm 2 

vertical  jump 

centimeters 

DEA-DTX  200  Osteometer 

gm cm 2 

DEA-DTX  200  Osteometer 

gm cm 2 

1  RM  for  lower  body  strength 

kilograms 

1  RM  for  upper  body  strength 

kilograms 

kilograms 

derived  from  measures  of  height  and  weight 

kgmsquared 

calculated  using  equations  from  Woo,  Ho,  and  Sham,  2001 

percentage 

kilograms 

kilograms 

incremental  treadmill  test  (INBRAMED,  10200ATL)  to  volitional  exhaustion 

mlkgmin 

incremental  treadmill  test  (INBRAMED,  10200ATL)  to  volitional  exhaustion 

other 

seconds 

1RM  maximum  (arm  curl) 

kilograms 

1RM  maximum  (knee  extension) 

kilograms 

isometric  strength  (knee  extensors)  using  an  isokinetic  dynamometer  (Cybex  Norm) 

other 

newton  meters 

Hologic  QDR  4500A 

gm cm 2 

Hologic  QDR  4500A 

gm cm 2 

Hologic  QDR  4500A 

gm cm 2 

Hologic  QDR  4500A 

gm cm 2 

Hologic  QDR  4500A 

gm cm 2 

kilograms 

kilograms 

incremental  treadmill  test  (INBRAMED,  10200ATL)  to  volitional  exhaustion 

mlkgmin 

incremental  treadmill  test  (INBRAMED,  10200ATL)  to  volitional  exhaustion 

other 

seconds 
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1RM  maximum  (arm  curl) 

kilograms 

1RM  maximum  (knee  extension) 

kilograms 

isometric  strength  (knee  extensors)  using  an  isokinetic  dynamometer  (Cybex  Norm) 

other 

newton  meters 

Hologic  QDR  4500A 

gm cm 2 

Hologic  QDR  4500A 

gm cm 2 

Hologic  QDR  4500A 

gm cm 2 

Hologic  QDR  4500A 

gm cm 2 

Hologic  QDR  4500A 

gm cm 2 

1.4  (coefficient  of  variation) 

gm cm 2 

1.9  (coefficient  of  variation) 

gm cm 2 

2.7  (coefficient  of  variation) 

gm cm 2 

kilograms 

kgmsquared 

milligrams 

light  clothing  with  shoes  off 

kilograms 

derived  from  measures  of  height  and  weight 

kgmsquared 

Hologic  QDR-2000 

2.95%  (coefficient  of  variation) 

percentage 

Food  frequency  questionnaire;  current  use  of  calcium  and  other  nutritional  supplements;  Block  Food  Frequency  Questionnaire 

milligrams 

Food  frequency  questionnaire;  current  use  of  calcium  and  other  nutritional  supplements;  Block  Food  Frequency  Questionnaire 

other 

micrograms 

Hologic  QDR-2000 

0.7%  (coefficient  of  variation) 

gm cm 2 

Hologic  QDR-2000 

1.0%  (coefficient  of  variation) 

gm cm 2 

Hologic  QDR-2000 

gm cm 2 

Hologic  QDR-2000 

gm cm 2 

Hologic  QDR-2000 

gm cm 2 

Hologic  QDR-2000 

0.5%  (coefficient  of  variation) 

gm cm 2 

1  RM  bench  press  test 

kilograms 

1  RM  leg  press  test 

kilograms 

electronic  scale  (SECA707)  to  plus  or  minus  0.2  kg 

kilograms 

derived  from  measures  of  height  and  weight 

kgmsquared 

Lunar  Prodigy  (GE) 

0.9%  (coefficient  of  variation) 

kilograms 

Lunar  Prodigy  (GE) 

0.4%  (coefficient  of  variation) 

kilograms 

Lunar  Prodigy  (GE) 

0.4%  (coefficient  of  variation) 

percentage 

Lunar  Prodigy  (GE) 

0.1%  (coefficient  of  variation) 

gm cm 2 

Lunar  Prodigy  (GE) 

gm cm 2 

Lunar  Prodigy  (GE) 

gm cm 2 

Lunar  Prodigy  (GE) 

gm cm 2 

Lunar  Prodigy  (GE) 

gm cm 2 

Lunar  Prodigy  (GE) 

gm cm 2 

standard  equipment  in  stocking  feet  and  underwear 

kilograms 

derived  from  measures  of  height  and  weight 

kgmsquared 
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Lunar  DPX-L 

0.9%  (coefficient  of  variation) 

kilograms 

Lunar  DPX-L 

0.7%  (coefficient  of  variation) 

gm cm 2 

Lunar  DPX-L 

1 .0%  (coefficient  of  variation) 

gm cm 2 

Lunar  DPX-L 

0.6%  (coefficient  of  variation) 

gm cm 2 

Lunar  DPX-L 

0.8%  (coefficient  of  variation) 

gm cm 2 

Lunar  DPX-L 

1.5%  (coefficient  of  variation) 

gm cm 2 

Lunar  DPX-L 

1.2%  (coefficient  of  variation) 

gm cm 2 

1RM  handgrip  strength  using  a  tensiometer 

newtons 

1RM  knee  extensor  strength  using  a  tensiometer 

newtons 

30  meter  walk 

meters/second 

timed  standing  balance  on  one  leg 

other 

seconds 

Berg  Balance  Scale 

other 

standard  height  and  weight  measurements  taken 

kilograms 

skinfold  calipers  at  biceps,  triceps,  subscapula,  anterior-superior  iliac  spine 

.835  (reliability) 

percentage 

Hologic  QDR-1000 

1%  (precision) 

gm cm 2 

Hologic  QDR-1000 

1-2%  (precision) 

gm cm 2 

Hologic  QDR-1000 

1-2%  (precision) 

gm cm 2 

Bruce  treadmill  test  using  Quinton  Q55  treadmill 

mlkgmin 

isokinetic  knee  extension  using  Cybex340 

5.5%  (reliability) 

other 

foot  pounds 

isokinetic  knee  flexion  using  Cybex340 

7.5%  (reliability) 

other 

foot  pounds 

isokinetic  trunk  extension  using  the  Lumex  Trunk  Extension  Flexion  Unit 

1 1.4%  (reliability) 

other 

foot  pounds 

isokinetic  trunk  flexion  using  the  Lumex  Trunk  Extension  Flexion  Unit 

3.5%  (reliability) 

other 

foot  pounds 

calibrated  digital  scale  (SECA,  model  770),  accurate  to  0. 1  kg 

kilograms 

derived  from  measures  of  height  and  weight 

kgmsquared 

Lunar  Model  DPX-L 

kilograms 

Lunar  Model  DPX-L 

percentage 

Lunar  Model  DPX-L 

2.4%  (precision) 

gm cm 2 

Lunar  Model  DPX-L 

2.4%  (precision) 

gm cm 2 

Lunar  Model  DPX-L 

1.8%  (precision) 

gm cm 2 

Lunar  Model  DPX-L 

0.8%  (precision) 

gm cm 2 

calibrated  digital  scale  (SECA,  model  770),  accurate  to  0. 1  kg 

kilograms 

derived  from  measures  of  height  and  weight 

kgmsquared 

Lunar  Model  DPX-L 

kilograms 

Lunar  Model  DPX-L 

percentage 

Lunar  Model  DPX-L 

2.4%  (precision) 

gm cm 2 

Lunar  Model  DPX-L 

2.4%  (precision) 

gm cm 2 

Lunar  Model  DPX-L 

1.8%  (precision) 

gm cm 2 

Lunar  Model  DPX-L 

0.8%  (precision) 

gm cm 2 

Lunar  DP3 

3%  (precision  error) 

gm cm 2 

kilograms 
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percentage 

kilograms 

mlkgmin 

milligrams 

Lunar  DP3 

3%  (precision  error) 

gm cm 2 

kilograms 

percentage 

kilograms 

mlkgmin 

milligrams 

0.5-0. 8%  (coefficient  of  variatit 

gm cm 2 

0.5-0. 8%  (coefficient  of  variatit 

gm cm 2 

0.5-0. 8%  (coefficient  of  variatit 

gm cm 2 

0.5-0. 8%  (coefficient  of  variatit 

gm cm 2 

0.5-0. 8%  (coefficient  of  variatit 

gm cm 2 

0.5-0. 8%  (coefficient  of  variatit 

gm cm 2 

0.5-0. 8%  (coefficient  of  variatit 

gm cm 2 

0.5-0. 8%  (coefficient  of  variatit 

gm cm 2 

kilograms 

kgmsquared 

biceps,  triceps,  subscapularis,  and  suprailiac  with  a  Harpenden  skinfold  caliper 

percentage 

kilograms 

estimated  V02  max  from  a  2  km  walking  test 

mlkgmin 

3-day  diet  records 

milligrams 

trunk  extension  with  an  arm  dynamometer  (Digitest,  Muurame,  Finland) 

kilograms 

trunk  flexion  with  an  arm  dynamometer  (Digitest,  Muurame,  Finland) 

kilograms 

leg  extension  with  a  leg  press  dynamometer  (Tamtron,  Tampere,  Finland) 

kilograms 

elbow  flexion  with  an  arm  dynamometer  (Digitest,  Muurame,  Finland) 

kilograms 

leg  extensor  power  with  vertical  counter-movement  jump  test/no  weight  (Newtest,  Oulu,  Finland) 

other 

meters/second 

leg  extensor  power  with  vertical  counter-movement  jump  test  (10%  more  weight)  (Newtest,  Oulu,  Finland) 

other 

meters/second 

figure  8  running  test  around  2  poles,  10  meters  apart 

other 

seconds 

0. 7-1.7%  (coefficient  of  variatit 

gm cm 2 

0. 7-1.7%  (coefficient  of  variatit 

gm cm 2 

0. 7-1.7%  (coefficient  of  variatit 

gm cm 2 

0. 7-1.7%  (coefficient  of  variatit 

gm cm 2 

kilograms 

kgmsquared 

percentage 

kilograms 

milligrams 
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trunk  extension  with  an  arm  dynamometer  (Digitest,  Muurame,  Finland) 

kilograms 

trunk  flexion  with  an  arm  dynamometer  (Digitest,  Muurame,  Finland) 

kilograms 

leg  extension  with  a  leg  press  dynamometer  (Tamtron,  Tampere,  Finland) 

kilograms 

elbow  flexion  with  an  arm  dynamometer  (Digitest,  Muurame,  Finland) 

kilograms 

maximum  oxygen  consumption  using  a  bicylce  ergometer  test 

litersmin 

0. 7-1.7%  (coefficient  of  variatit 

gm cm 2 

0. 7-1.7%  (coefficient  of  variatit 

gm cm 2 

0. 7-1.7%  (coefficient  of  variatit 

gm cm 2 

0. 7-1.7%  (coefficient  of  variatit 

gm cm 2 

kilograms 

kgmsquared 

percentage 

milligrams 

trunk  extension  with  an  arm  dynamometer  (Digitest,  Muurame,  Finland) 

kilograms 

trunk  flexion  with  an  arm  dynamometer  (Digitest,  Muurame,  Finland) 

kilograms 

leg  extension  with  a  leg  press  dynamometer  (Tamtron,  Tampere,  Finland) 

kilograms 

elbow  flexion  with  an  arm  dynamometer  (Digitest,  Muurame,  Finland) 

kilograms 

maximum  oxygen  consumption  using  a  bicylce  ergometer  test 

litersmin 

Flologic  QDR-4500 

gm cm 2 

Hologic  QDR-4500 

gm cm 2 

Flologic  QDR-4500 

gm cm 2 

Hologic  QDR-4500 

gm cm 2 

wearing  light  clothing  and  without  shoes  or  socks 

kilograms 

derived  from  measures  of  height  and  weight 

kgmsquared 

hangrip  strength  using  a  handgrip  dynamometer  (Takei  Scientific  Instruments) 

kilograms 

quadriceps  device 

kilograms 

SMART  Balance  Master  (NeuroCom) 

other 

1-100 

single  stance  (average  of  both  legs) 

other 

seconds 

single  stance  (average  of  dominant  leg) 

other 

seconds 

Hologic  QDR-4500 

kilograms 

Hologic  QDR-4500 

gm cm 2 

Hologic  QDR-4500 

gm cm 2 

Hologic  QDR-4500 

gm cm 2 

Hologic  QDR-4500 

gm cm 2 

wearing  light  clothing  and  without  shoes  or  socks 

kilograms 

derived  from  measures  of  height  and  weight 

kgmsquared 

hangrip  strength  using  a  handgrip  dynamometer  (Takei  Scientific  Instruments) 

kilograms 

quadriceps  device 

kilograms 

SMART  Balance  Master  (NeuroCom) 

other 

1-100 

single  stance  (average  of  both  legs) 

other 

seconds 
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single  stance  (average  of  dominant  leg) 

other 

seconds 

Hologic  QDR-4500 

kilograms 

Hologic  QDR-4500 

gm cm 2 

Hologic  QDR-4500 

gm cm 2 

Hologic  QDR-4500 

gm cm 2 

Hologic  QDR-4500 

gm cm 2 

wearing  light  clothing  and  without  shoes  or  socks 

kilograms 

derived  from  measures  of  height  and  weight 

kgmsquared 

hangrip  strength  using  a  handgrip  dynamometer  (Takei  Scientific  Instruments) 

kilograms 

quadriceps  device 

kilograms 

SMART  Balance  Master  (NeuroCom) 

other 

1-100 

single  stance  (average  of  both  legs) 

other 

seconds 

single  stance  (average  of  dominant  leg) 

other 

seconds 

Hologic  QDR-4500 

kilograms 

Hologic  QDR-4500 

gm cm 2 

Hologic  QDR-4500 

gm cm 2 

Hologic  QDR-4500 

gm cm 2 

Hologic  QDR-4500 

gm cm 2 

wearing  light  clothing  and  without  shoes  or  socks 

kilograms 

derived  from  measures  of  height  and  weight 

kgmsquared 

hangrip  strength  using  a  handgrip  dynamometer  (Takei  Scientific  Instruments) 

kilograms 

quadriceps  device 

kilograms 

SMART  Balance  Master  (NeuroCom) 

other 

1-100 

single  stance  (average  of  both  legs) 

other 

seconds 

single  stance  (average  of  dominant  leg) 

other 

seconds 

Hologic  QDR-4500 

kilograms 

kilograms 

derived  from  measures  of  height  and  weight 

kgmsquared 

Norland  XR-26 

1.14%  (coefficient  of  variation) 

gm cm 2 

Norland  Excell 

gm cm 2 

Norland  Excell 

gm cm 2 

AccuSway  OR6-7  computerized  force  platform 

gm cm 2 

mean  of  1RM  for  8  upper  and  lower  body  exercises 

kilograms 

standard  balance  beam  scale  calibrated  daily 

kilograms 

digital  scale  wearing  mimimal  clothing 

kilograms 

Hologic  QDR  4500 

percentage 

4-day  dietary  protocols 

milligrams 

maximal  treadmill  test 

mlkgmin 

Hologic  QDR  4500 

0.9%  (coefficient  of  variation) 

gm cm 2 

Hologic  QDR  4500 

1.0%  (coefficient  of  variation) 

gm_cm_2 
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fall  calendars  completed  by  participants 

other 

fall  rate 

kilograms 

gm cm 2 

percentage 

kilograms 

Hologic  QDR  2000 

1.3%  (coefficient  of  variation) 

gm cm 2 

Hologic  QDR  2000 

1.3%  (coefficient  of  variation) 

gm cm 2 

Hologic  QDR  2000 

1.5%  (coefficient  of  variation) 

gm cm 2 

Hologic  QDR  2000 

3.3%  (coefficient  of  variation) 

gm cm 2 

Hologic  QDR  2000 

1.6%  (coefficient  of  variation) 

gm cm 2 

Hologic  QDR  2000 

1.4%  (coefficient  of  variation) 

gm cm 2 

Hologic  QDR  2000 

1.3%  (coefficient  of  variation) 

gm cm 2 

1RM  maximum 

kilograms 

1RM  maximum 

kilograms 

1RM  maximum 

kilograms 

1RM  maximum 

kilograms 

1RM  maximum 

kilograms 

1RM  maximum 

kilograms 

1RM  maximum 

kilograms 

1RM  maximum 

kilograms 

1RM  maximum 

kilograms 

1RM  maximum 

kilograms 

kilograms 

gm cm 2 

percentage 

kilograms 

Hologic  QDR  2000 

1.3%  (coefficient  of  variation) 

gm cm 2 

Hologic  QDR  2000 

1.3%  (coefficient  of  variation) 

gm cm 2 

Hologic  QDR  2000 

1.5%  (coefficient  of  variation) 

gm cm 2 

Hologic  QDR  2000 

3.3%  (coefficient  of  variation) 

gm cm 2 

Hologic  QDR  2000 

1.6%  (coefficient  of  variation) 

gm cm 2 

Hologic  QDR  2000 

1.4%  (coefficient  of  variation) 

gm cm 2 

Hologic  QDR  2000 

1.3%  (coefficient  of  variation) 

gm cm 2 

1RM  maximum 

kilograms 

1RM  maximum 

kilograms 

1RM  maximum 

kilograms 

1RM  maximum 

kilograms 

1RM  maximum 

kilograms 

1RM  maximum 

kilograms 

1RM  maximum 

kilograms 
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1RM  maximum 

kilograms 

1RM  maximum 

kilograms 

1RM  maximum 

kilograms 

kilograms 

percentage 

kilograms 

Hologic  QDR  4500 

1.0%  (coefficient  of  variation) 

gm cm 2 

Hologic  QDR  4500 

gm cm 2 

Hologic  QDR  4500 

1.3%  (coefficient  of  variation) 

gm cm 2 

Hologic  QDR  4500 

1.3%  (coefficient  of  variation) 

gm cm 2 

Hologic  QDR  4500 

1.5%  (coefficient  of  variation) 

gm cm 2 

Hologic  QDR  4500 

1.6%  (coefficient  of  variation) 

gm cm 2 

Hologic  QDR  4500 

1.4%  (coefficient  of  variation) 

gm cm 2 

Hologic  QDR  4500 

1.3%  (coefficient  of  variation) 

gm cm 2 

Hologic  QDR  2000 

1.0%  (coefficient  of  variation) 

gm cm 2 

kilograms 

percentage 

kilograms 

Hologic  QDR  4500 

1 .0%  (coefficient  of  variation) 

gm cm 2 

Hologic  QDR  4500 

gm cm 2 

Hologic  QDR  4500 

1.3%  (coefficient  of  variation) 

gm cm 2 

Hologic  QDR  4500 

1.3%  (coefficient  of  variation) 

gm cm 2 

Hologic  QDR  4500 

1.5%  (coefficient  of  variation) 

gm cm 2 

Hologic  QDR  4500 

1.6%  (coefficient  of  variation) 

gm cm 2 

Hologic  QDR  4500 

1.4%  (coefficient  of  variation) 

gm cm 2 

Hologic  QDR  4500 

1.3%  (coefficient  of  variation) 

gm cm 2 

Hologic  QDR  2000 

1 .0%  (coefficient  of  variation) 

gm cm 2 

digital  scale 

kilograms 

derived  from  measures  of  height  and  weight 

kgmsquared 

3-day  food  diary  (two  weekdays  and  one  weekend  day) 

milligrams 

3-day  food  diary  (two  weekdays  and  one  weekend  day) 

other 

micrograms 

Lunar  Prodigy 

gm cm 2 

Lunar  Prodigy 

gm cm 2 

Lunar  Prodigy 

gm cm 2 

digital  scale 

kilograms 

derived  from  measures  of  height  and  weight 

kgmsquared 

3-day  food  diary  (two  weekdays  and  one  weekend  day) 

milligrams 

3-day  food  diary  (two  weekdays  and  one  weekend  day) 

other 

micrograms 

Lunar  Prodigy 

gm cm 2 

Lunar  Prodigy 

gm_cm_2 
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Lunar  Prodigy 

gm cm 2 

without  clothes  in  light  clothing  using  a  clinical  scale  (Detecto) 

kilograms 

derived  from  measures  of  height  and  weight 

kgmsquared 

Balke-Ware  treadmill  protocol 

mlkgmin 

Lunar  PIXI  #50828 

0.585%  (coefficient  of  variatior 

gm cm 2 

Lunar  PIXI  #50828 

2.79%  (coefficient  of  variation) 

gm cm 2 

Hologic  QDR  4500W 

gm cm 2 

Hologic  QDR  4500W 

gm cm 2 

Hologic  QDR  4500W 

gm cm 2 

Hologic  QDR  4500W 

gm cm 2 

Hologic  QDR  4500W 

gm cm 2 

Hologic  QDR  4500W 

0.339%  (coefficient  of  variatioi 

gm cm 2 

Hologic  QDR  4500W 

percentage 

Hologic  QDR  4500W 

kilograms 

3-day  dietary  intake  record 

milligrams 

1RM  maximum 

kilograms 

without  clothes  in  light  clothing  using  a  clinical  scale  (Detecto) 

kilograms 

derived  from  measures  of  height  and  weight 

kgmsquared 

Balke-Ware  treadmill  protocol 

mlkgmin 

Lunar  PIXI  #50828 

0.585%  (coefficient  of  variatioi 

gm cm 2 

Lunar  PIXI  #50828 

2.79%  (coefficient  of  variation) 

gm cm 2 

Hologic  QDR  4500W 

gm cm 2 

Hologic  QDR  4500W 

gm cm 2 

Hologic  QDR  4500W 

gm cm 2 

Hologic  QDR  4500W 

gm cm 2 

Hologic  QDR  4500W 

gm cm 2 

Hologic  QDR  4500W 

0.339%  (coefficient  of  variatior 

gm cm 2 

Hologic  QDR  4500W 

percentage 

Hologic  QDR  4500W 

kilograms 

3-day  dietary  intake  record 

milligrams 

1RM  maximum 

kilograms 

kilograms 

Hologic  DXA  4500 

.30%  (coefficient  of  variation) 

kilograms 

Hologic  DXA  4500 

1.42%  (coefficient  of  variation) 

kilograms 

Hologic  DXA  4500 

<1.2%  (coefficient  of  variation) 

gm cm 2 

Hologic  DXA  4500 

<1.2%  (coefficient  of  variation) 

gm cm 2 

Hologic  DXA  4500 

<1.2%  (coefficient  of  variation) 

gm cm 2 

Norland/Stratec  XCT  540  densitometer 

other 

mg/mm 

Norland/Stratec  XCT  540  densitometer 

other 

mmsquared 

Norland/Stratec  XCT  540  densitometer 

other 

mg/cmcubed 
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Norland/Stratec  XCT  540  densitometer 

other 

mmcubed 

Norland/Stratec  XCT  540  densitometer 

other 

mg/mm 

Norland/Stratec  XCT  540  densitometer 

other 

mmsquared 

Norland/Stratec  XCT  540  densitometer 

other 

mg/cmcubed 

Norland/Stratec  XCT  540  densitometer 

other 

mg/mm 

Norland/Stratec  XCT  540  densitometer 

other 

mmsquared 

Norland/Stratec  XCT  540  densitometer 

other 

mg/cmcubed 

Norland/Stratec  XCT  540  densitometer 

other 

mmcubed 

Norland/Stratec  XCT  540  densitometer 

other 

mg/mm 

Norland/Stratec  XCT  540  densitometer 

other 

mmsquared 

Norland/Stratec  XCT  540  densitometer 

other 

mg/cmcubed 

kilograms 

Hologic  DXA  4500 

.30%  (coefficient  of  variation) 

kilograms 

Hologic  DXA  4500 

1.42%  (coefficient  of  variation) 

kilograms 

Hologic  DXA  4500 

<1.2%  (coefficient  of  variation) 

gm cm 2 

Hologic  DXA  4500 

<1.2%  (coefficient  of  variation) 

gm cm 2 

Hologic  DXA  4500 

<1.2%  (coefficient  of  variation) 

gm cm 2 

Norland/Stratec  XCT  540  densitometer 

other 

mg/mm 

Norland/Stratec  XCT  540  densitometer 

other 

mmsquared 

Norland/Stratec  XCT  540  densitometer 

other 

mg/cmcubed 

Norland/Stratec  XCT  540  densitometer 

other 

mmcubed 

Norland/Stratec  XCT  540  densitometer 

other 

mg/mm 

Norland/Stratec  XCT  540  densitometer 

other 

mmsquared 

Norland/Stratec  XCT  540  densitometer 

other 

mg/cmcubed 

Norland/Stratec  XCT  540  densitometer 

other 

mg/mm 

Norland/Stratec  XCT  540  densitometer 

other 

mmsquared 

Norland/Stratec  XCT  540  densitometer 

other 

mg/cmcubed 

Norland/Stratec  XCT  540  densitometer 

other 

mmcubed 

Norland/Stratec  XCT  540  densitometer 

other 

mg/mm 

Norland/Stratec  XCT  540  densitometer 

other 

mmsquared 

Norland/Stratec  XCT  540  densitometer 

other 

mg/cmcubed 

1-4 

gm cm 2 

1-4 

gm cm 2 

1-4 

gm cm 2 

1-4 

gm cm 2 

1-4 

gm cm 2 

1-4 

gm cm 2 

kilograms 

kgmsquared 

percentage 
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kilograms 

4-day  diet  record  (three  weekdays  and  1  weekend  day) 

milligrams 

4-day  diet  record  (three  weekdays  and  1  weekend  day) 

other 

micrograms 

derived  from  measures  of  height  and  weight 

kgmsquared 

Hologic  QDR-4500A 

1.1%  (coefficient  of  variation) 

kilograms 

Hologic  QDR-4500A 

3.1%  (coefficient  of  variation) 

percentage 

8-foot  up  and  go  test 

other 

seconds 

one-leg  stand 

other 

seconds 

knee  extension  180  degrees/second  using  an  isokinetic  dynamometer  (Biodex  System  4  Pro) 

percentage 

knee  flexion  180  degrees/second  using  an  isokinetic  dynamometer  (Biodex  System  4  Pro) 

percentage 

knee  extension  60  degrees/second  using  an  isokinetic  dynamometer  (Biodex  System  4  Pro) 

percentage 

knee  flexion  60  degrees/second  using  an  isokinetic  dynamometer  (Biodex  System  4  Pro) 

percentage 

Hologic  QDR-4500A 

0.9%  (coefficient  of  variation) 

gm cm 2 

Hologic  QDR-4500A 

gm cm 2 

Hologic  QDR-4500A 

gm cm 2 

Hologic  QDR-4500A 

1.1%  (coefficient  of  variation) 

gm cm 2 

4-day  diet  record  (three  weekdays  and  1  weekend  day) 

milligrams 

4-day  diet  record  (three  weekdays  and  1  weekend  day) 

other 

micrograms 

derived  from  measures  of  height  and  weight 

kgmsquared 

Hologic  QDR-4500A 

1.1%  (coefficient  of  variation) 

kilograms 

Hologic  QDR-4500A 

3.1%  (coefficient  of  variation) 

percentage 

8-foot  up  and  go  test 

other 

seconds 

one-leg  stand 

other 

seconds 

knee  extension  180  degrees/second  using  an  isokinetic  dynamometer  (Biodex  System  4  Pro) 

percentage 

knee  flexion  180  degrees/second  using  an  isokinetic  dynamometer  (Biodex  System  4  Pro) 

percentage 

knee  extension  60  degrees/second  using  an  isokinetic  dynamometer  (Biodex  System  4  Pro) 

percentage 

knee  flexion  60  degrees/second  using  an  isokinetic  dynamometer  (Biodex  System  4  Pro) 

percentage 

Hologic  QDR-4500A 

0.9%  (coefficient  of  variation) 

gm cm 2 

Hologic  QDR-4500A 

gm cm 2 

Hologic  QDR-4500A 

gm cm 2 

Hologic  QDR-4500A 

1.1%  (coefficient  of  variation) 

gm cm 2 

4-day  diet  record  (three  weekdays  and  1  weekend  day) 

milligrams 

4-day  diet  record  (three  weekdays  and  1  weekend  day) 

other 

micrograms 

derived  from  measures  of  height  and  weight 

kgmsquared 

Hologic  QDR  4500A 

3.6%  (coefficient  of  variation) 

percentage 

Hologic  QDR  4500A 

1.1%  (coefficient  of  variation) 

kilograms 

6-minute  walk  test 

meters 

handgrip  strength  with  digital  dynamometer  (Grip-D,  Model  TKK  5401) 

kilograms 

8-foot  up  and  go  test 

other 

seconds 

one-leg  stand 

other 

seconds 
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chair  stand  test 

other 

repetitions 

isokinetic  right  knee  extension  (180  degrees/second) 

other 

peak  torque/boc 

isokinetic  left  knee  extension  (180  degrees/second) 

other 

peak  torque/boc 

isokinetic  right  knee  flexion  (180  degrees/second) 

other 

peak  torque/boc 

isokinetic  left  knee  flexion  ( 1 80  degrees/second) 

other 

peak  torque/boc 

isokinetic  right  knee  extension  (60  degrees/second) 

other 

peak  torque/boc 

isokinetic  left  knee  extension  (60  degrees/second) 

other 

peak  torque/boc 

isokinetic  right  knee  flexion  (60  degrees/second) 

other 

peak  torque/boc 

isokinetic  left  knee  flexion  (60  degrees/second) 

other 

peak  torque/boc 

Hologic  QDR  4500A 

0.9%  (coefficient  of  variation) 

gm cm 2 

Hologic  QDR  4500A 

gm cm 2 

Hologic  QDR  4500A 

gm cm 2 

Hologic  QDR  4500A 

1.1%  (coefficient  of  variation) 

gm cm 2 

Hologic  QDR  4500A 

0.8%  (coefficient  of  variation) 

gm cm 2 

2 

gm cm 2 

kilograms 

kgmsquared 

mlkgmin 

2 

gm cm 2 

kilograms 

kgmsquared 

mlkgmin 

2.1 

gm cm 2 

1 

gm cm 2 

kilograms 

kgmsquared 

milligrams 

1  RM 

kilograms 

1  RM 

.88  (reliability) 

kilograms 

1  RM 

kilograms 

1  RM 

kilograms 

1  RM 

kilograms 

tandem  walk  test  over  a  20  foot  course 

other 

seconds 

Harvard  Alumni  Questionnaire 

other 

kj/wk 

kilograms 

derived  from  measures  of  height  and  weight 

kgmsquared 

Hologic  QDR  1500 

gm cm 2 

Hologic  QDR  1500 

0.87%  (coefficient  of  variation) 

gm cm 2 

Hologic  QDR  1500 

1.0%  (coefficient  of  variation) 

gm cm 2 

1 

mg_cm_2 
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1.5 

mg cm 2 

1.8 

mg cm 2 

2.2 

mg cm 2 

2.2 

mg cm 2 

2.3 

mg cm 2 

1.8 

mg cm 2 

1.8 

mg cm 2 

kilograms 

Lunar  DPX 

-1.0%  (coefficient  of  variation) 

gm cm 2 

Lunar  DPX 

-1.0%  (coefficient  of  variation) 

gm cm 2 

Lunar  DPX 

-1.0%  (coefficient  of  variation) 

gm cm 2 

Lunar  DPX 

-1.0%  (coefficient  of  variation) 

gm cm 2 

hand  dynamometer 

kilograms 

1  RM 

kilograms 

1  RM 

kilograms 

1  RM 

kilograms 

1  RM 

kilograms 

1  RM 

kilograms 

derived  from  measures  of  height  and  weight 

kgmsquared 

graded  treadmill  walking 

mlkgmin 

kilograms 

Hologic  Delphi  4500/w 

kilograms 

Hologic  Delphi  4500/w 

kilograms 

Hologic  Delphi  4500/w 

gm cm 2 

1RM  (sum  of  biceps  curl,  bench  press,  seated  row,  knee  extension,  knee  flexion,  leg  press) 

pounds 

time  needed  to  complete  and  obstacle  course 

seconds 

one-leg  stand 

seconds 

Hologic  Delphi  4500/w 

gm cm 2 

Hologic  Delphi  4500/w 

gm cm 2 

body  weight 

kilograms 

maximum  oxygen  consumption  test 

mlkgmin 

Hologic  QDR-1000/W 

gm cm 2 

Hologic  QDR-1000/W 

gm cm 2 

Hologic  QDR-1000/W 

gm cm 2 

Hologic  QDR-1000/W 

gm cm 2 

Hologic  QDR-1000/W 

gm cm 2 

milligrams 

IU 

1  RM 

pounds 

1  RM 

pounds 
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digital  stand-on  scale  (Scale-tronix  5005) 

kilograms 

DXA  (Lunar  Prodigy) 

<1.0%  (coefficient  of  variation) 

kilograms 

DXA  (Lunar  Prodigy) 

<1.0%  (coefficient  of  variation) 

kilograms 

DXA  (Lunar  Prodigy) 

<1.0%  (coefficient  of  variation) 

gm cm 2 

DXA  (Lunar  Prodigy) 

<1.0%  (coefficient  of  variation) 

gm cm 2 

DXA  (Lunar  Prodigy) 

<1.0%  (coefficient  of  variation) 

gm cm 2 

DXA  (Lunar  Prodigy) 

<0.8%  (coefficient  of  variation) 

gm cm 2 

V02  max  (ml/kg/min)  on  motorized  treadmill 

mlkgmin 

addiitonal  pounds  lifted 

pounds 

Lunar  DXA,  version  1.2 

kilograms 

Lunar  DXA 

1%  (short  term  precison);  1.2% 

gm cm 2 

Lunar  SP2 

1%  (short  term  precison);  1.5% 

gm cm 2 

Lunar  DXA 

1%  (short  term  precison);  2.3% 

gm cm 2 

Lunar  DXA 

2%  (short  term  precison);  2.5% 

gm cm 2 

Lunar  DXA 

2%  (short  term  precison);  3.3% 

gm cm 2 

light  clothing  on  a  calibrated  electronic  scale 

kilograms 

food  frequency  questionnaire 

milligrams 

kilograms 

DPX  (Lunar) 

2.3%  (coefficient  of  variation) 

gm cm 2 

DPX  (Lunar) 

5.0%  (coefficient  of  variation) 

gm cm 2 

kilograms 

derived  from  measures  of  height  and  weight 

kgmsquared 

3  day  diet  records 

milligrams 

3  day  diet  records 

micrograms 

Hologic  QDR-4500A 

0.8%  (short-term  precision) 

gm cm 2 

Hologic  QDR-4500A 

kilograms 

Hologic  QDR-4500A 

kilograms 

Hologic  QDR-4500A 

0.5%  (short-term  precision);  0.) 

gm cm 2 

Hologic  QDR-4500A 

1.5%  (short-term  precision) 

gm cm 2 

Hologic  QDR-4500A 

gm cm 2 

Hologic  QDR-4500A 

gm cm 2 

kilograms 

derived  from  measures  of  height  and  weight 

kgmsquared 

Lunar  Prodigy 

gm cm 2 

Lunar  Prodigy 

gm cm 2 

Lunar  Prodigy 

gm_cm_2 
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analysis type 

n e 

i e 

i se e 

i sd e 

f e 

f se e 

f sd e 

d e 

d sd e 

d se e 

lci e 

uci e 

P-e 

p sd e 

p se e 

p lci e 

p uci e 

abp 

16 

0.20 

1.88 

-0.80 

1.20 

abp 

16 

-0.50 

3.10 

-2.20 

1.10 

abp 

16 

0.80 

2.16 

-0.40 

1.90 

abp 

16 

0.90 

3.10 

-0.80 

2.50 

abp 

16 

58.10 

7.90 

57.6 

-0.50 

3.0964843 

-2.2 

i.i 

-0.86 

abp 

16 

21.70 

3.00 

abp 

16 

26.10 

6.50 

abp 

13 

0.90 

1.82 

-0.20 

2.00 

abp 

13 

1.50 

2.98 

-0.30 

3.30 

abp 

13 

0.50 

1.99 

-0.70 

1.70 

abp 

13 

0.10 

2.90 

-1.60 

1.90 

abp 

13 

60.30 

10.30 

59.9 

-0.40 

3.8060947 

-2.7 

1.9 

-0.66 

abp 

13 

22.40 

3.30 

abp 

13 

27.80 

6.20 

abp 

16 

1.70 

1.88 

0.70 

2.70 

abp 

16 

2.20 

3.00 

0.60 

3.80 

abp 

16 

1.30 

2.06 

0.20 

2.40 

abp 

16 

-0.80 

3.00 

-2.40 

0.80 

abp 

16 

60.70 

10.20 

60.3 

-0.40 

3.28415 

-2.1 

1.4 

-0.66 

abp 

16 

22.90 

3.20 

abp 

16 

30.10 

6.10 

abp 

30 

1.14 

0.12 

1.15 

0.12 

0.01 

0.016 

1.05 

abp 

30 

0.97 

0.13 

0.99 

0.13 

0.02 

0.027 

2.06 

abp 

30 

0.82 

0.11 

0.85 

0.11 

0.02 

0.033 

2.92 

abp 

30 

60.7 

7.90 

60.7 

7.90 

0.00 

3.5329874 

0.00 

abp 

30 

22.7 

2.50 

22.7 

2.50 

0.00 

1.118034 

0.00 

abp 

30 

186.00 

45.00 

12.90 

21.908902 

4 

6.94 

abp 

30 

39.00 

8.00 

3.70 

3.8340579 

0.7 

9.49 

abp 

45 

1.09 

0.09 

1.09 

0.09 

0.00 

0.027 

-0.18 

abp 

45 

0.89 

0.09 

0.88 

0.09 

-0.02 

0.033 

-1.68 

abp 

45 

0.77 

0.08 

0.76 

0.08 

-0.01 

0.02 

-1.18 

abp 

45 

64.7 

7.30 

64.7 

7.30 

0.00 

3.2646592 

0.00 

abp 

45 

25 

2.60 

25 

2.60 

0.00 

1.1627553 

0.00 

abp 

45 

1053 

246.00 

1053 

246.00 

0.00 

110.01454 

0.00 

abp 

24 

1.15 

0.12 

1.17 

0.12 

0.01 

0.03 

1.22 

abp 

24 

0.93 

0.12 

0.93 

0.11 

0.00 

0.03 

0.11 

abp 

24 

0.81 

0.13 

0.81 

0.13 

0.00 

0.024 

-0.01 

abp 

24 

64.2 

5.30 

64.2 

5.30 

0.00 

2.3702321 

0.00 

abp 

24 

24.3 

2.00 

24.3 

2.00 

0.00 

0.8944272 

0.00 
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abp 

24 

1005 

324.00 

1005 

324.00 

0.00 

144.8972 

0.00 

abp 

24 

40.00 

7.00 

9.80 

5.8787754 

1.2 

24.50 

abp 

48 

24.40 

2.60 

abp 

48 

18.70 

4.50 

14.1 

3.50 

-4.60 

2.0371549 

-24.60 

abp 

48 

0.96 

0.08 

0.957 

0.08 

0.00 

0.0344354 

-0.31 

abp 

48 

0.98 

0.08 

0.983 

0.08 

0.00 

0.0367723 

-0.10 

abp 

48 

0.87 

0.07 

0.878 

0.07 

0.01 

0.0322583 

0.57 

abp 

48 

0.83 

0.08 

0.829 

0.08 

0.00 

0.0348827 

0.00 

itt 

59 

18.70 

4.50 

14.1 

3.50 

-4.60 

2.0371549 

-24.60 

itt 

59 

0.96 

0.08 

0.958 

0.08 

0.00 

0.0355668 

-0.42 

itt 

59 

0.99 

0.08 

0.984 

0.09 

0.00 

0.0374566 

-0.30 

itt 

59 

0.88 

0.07 

0.878 

0.07 

0.00 

0.0307734 

0.23 

itt 

59 

0.83 

0.07 

0.828 

0.07 

0.00 

0.0321994 

-0.24 

abp 

12 

24.05 

2.44 

abp 

12 

1.27 

0.14 

1.263 

-0.01 

0.034641 

0.01 

-0.55 

abp 

12 

1.02 

0.10 

1.01 

0.10 

-0.01 

0.0442154 

-1.27 

abp 

12 

abp 

15 

0.71 

0.00 

0.00 

0.704 

0.001 

0.00 

0.00 

0.0017321 

-0.09 

0.19 

0.05 

abp 

15 

0.88 

0.00 

0.00 

0.88 

0.001 

0.00 

0.00 

0.0017321 

-0.13 

0.35 

0.09 

abp 

15 

38.00 

9.00 

34.86 

62 

5 

19.36 

24.00 

19.364917 

63.16 

abp 

15 

20.00 

7.00 

27.11 

37 

6 

23.24 

17.00 

11.874342 

85.00 

abp 

15 

68.00 

23.24 

90.01 

63 

11.62 

45.00 

-5.00 

53.24953 

-7.35 

abp 

15 

28.00 

15.49 

59.99 

25 

19.36 

74.98 

-3.00 

33.530772 

-10.71 

abp 

15 

31.00 

19.36 

74.98 

27 

15.49 

59.99 

-4.00 

33.530772 

-12.90 

abp 

9 

56.70 

5.80 

56.3 

4.50 

-0.40 

2.6286879 

-0.71 

abp 

9 

18.30 

3.20 

17.1 

2.90 

-1.20 

1.394991 

-6.56 

abp 

9 

21.67 

2.67 

26.622 

2.23 

4.96 

1.64325 

22.87 

abp 

9 

562.56 

98.35 

671.67 

72.68 

109.11 

42.51601 

19.40 

abp 

9 

7.33 

0.75 

9.389 

0.96 

2.06 

0.52705 

28.03 

abp 

9 

46.67 

5.55 

65.222 

8.92 

18.56 

5.19281 

39.76 

abp 

9 

112.00 

18.41 

149.78 

23.40 

37.78 

11.18903 

33.73 

abp 

9 

0.85 

0.09 

0.84667 

0.09 

0.00 

0.01379 

0.11 

abp 

9 

0.68 

0.08 

0.68978 

0.07 

0.01 

0.02319 

1.26 

abp 

9 

0.61 

0.09 

0.61 

0.09 

0.00 

0.0192 

0.05 

abp 

9 

0.56 

0.15 

0.57911 

0.15 

0.02 

0.04577 

3.60 

abp 

9 

0.93 

0.10 

0.93922 

0.11 

0.01 

0.03329 

0.77 

abp 

10 

60.60 

8.80 

59.4 

7.60 

-1.20 

3.8491558 

-1.98 

abp 

10 

21.10 

5.70 

20.2 

4.70 

-0.90 

2.5215075 

-4.27 

abp 

10 

22.10 

2.31 

26.233 

2.33 

4.13 

2.824 

18.70 

abp 

10 

573.22 

66.52 

666.89 

75.26 

93.67 

50.69517 

16.34 
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abp 

10 

6.83 

1.30 

8.556 

1.16 

1.72 

0.66667 

25.20 

abp 

10 

41.40 

7.83 

60.111 

9.47 

18.71 

6.37974 

45.20 

abp 

10 

124.11 

23.20 

146.67 

22.28 

22.56 

12.52109 

18.17 

abp 

10 

0.82 

0.08 

0.8139 

0.08 

-0.01 

0.01648 

-1.13 

abp 

10 

0.65 

0.03 

0.6456 

0.03 

-0.01 

0.01722 

-0.77 

abp 

10 

0.53 

0.04 

0.531 

0.05 

0.01 

0.0152 

1.10 

abp 

10 

0.44 

0.04 

0.4411 

0.04 

0.00 

0.02164 

0.11 

abp 

10 

0.91 

0.06 

0.9218 

0.06 

0.01 

0.02359 

1.40 

abp 

38 

1.04 

0.18 

1.05 

0.01 

0.02 

0.57 

abp 

38 

0.84 

0.11 

0.86 

0.02 

0.04 

1.90 

abp 

38 

0.50 

0.09 

0.50 

0.00 

0.02 

0.20 

abp 

38 

67.7 

10.90 

67.6 

-0.10 

-0.15 

abp 

38 

25.8 

3.80 

25.79 

-0.01 

-0.04 

abp 

38 

836 

216.00 

864 

222.00 

28.00 

98.114219 

3.35 

abp 

10 

72.00 

4.30 

13.60 

abp 

10 

27.00 

1.70 

5.38 

abp 

10 

44.00 

2.00 

6.32 

abp 

10 

1214.00 

200.00 

632.46 

abp 

10 

10.00 

2.10 

6.64 

abp 

10 

0.89 

0.04 

0.13 

0.885 

0.037 

0.12 

-0.01 

0.0565155 

-0.60 

3.16 

1.00 

abp 

10 

0.90 

0.03 

0.09 

0.901 

0.03 

0.09 

0.00 

0.0424264 

-0.20 

2.21 

0.70 

abp 

10 

0.75 

0.03 

0.09 

0.743 

0.027 

0.09 

0.00 

0.0400749 

-0.10 

2.85 

0.90 

abp 

10 

0.68 

0.03 

0.09 

0.676 

0.028 

0.09 

0.00 

0.0404228 

0.20 

3.48 

1.10 

abp 

10 

0.61 

0.04 

0.12 

0.601 

0.034 

0.11 

-0.01 

0.051049 

-0.90 

3.79 

1.20 

abp 

10 

0.97 

0.03 

0.10 

0.974 

0.031 

0.10 

0.00 

0.0438406 

0.10 

1.26 

0.40 

abp 

10 

22.50 

3.10 

9.80 

39.3 

5 

15.81 

16.80 

8.191459 

90.00 

66.41 

21.00 

abp 

10 

103.70 

10.40 

32.89 

136.3 

11.9 

37.63 

32.60 

16.432285 

33.00 

15.81 

5.00 

abp 

18 

75.40 

12.10 

74.6 

12.90 

-0.80 

5.6442891 

-1.06 

abp 

18 

29.10 

3.90 

28.8 

4.30 

-0.30 

1.8745666 

-1.03 

abp 

18 

31.70 

8.10 

30.7 

9.20 

-1.00 

4.0142247 

-3.15 

abp 

18 

40.80 

5.00 

41.3 

4.80 

0.50 

2.2 

1.23 

abp 

18 

43.30 

5.10 

41.9 

5.90 

-1.40 

2.5803101 

-3.23 

abp 

18 

1.13 

0.10 

1.13 

0.11 

0.00 

0.0479583 

0.00 

abp 

18 

1.16 

0.18 

1.15 

0.18 

-0.01 

0.0804984 

-0.86 

abp 

18 

0.94 

0.13 

0.94 

0.13 

0.00 

0.0581378 

0.00 

abp 

18 

0.87 

0.11 

0.88 

0.11 

0.01 

0.0491935 

1.15 

abp 

18 

0.78 

0.14 

0.78 

0.13 

0.00 

0.0611555 

0.00 

abp 

18 

0.73 

0.15 

0.7 

0.10 

-0.03 

0.074162 

-4.11 

abp 

21 

66.90 

8.70 

67.1 

9.40 

0.20 

4.1043879 

0.30 

abp 

21 

25.20 

2.70 

25.5 

2.70 

0.30 

1.2074767 

1.19 
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abp 

21 

38.60 

3.20 

37.2 

3.70 

-1.40 

1.6180235 

-3.63 

abp 

21 

0.97 

0.09 

0.99 

0.09 

0.02 

0.0402492 

2.10 

abp 

21 

0.67 

0.07 

0.68 

0.07 

0.01 

0.031305 

1.50 

abp 

21 

0.97 

0.18 

1 

0.21 

0.03 

0.0919783 

3.10 

abp 

21 

0.74 

0.06 

0.74 

0.07 

0.00 

0.0306594 

0.00 

abp 

21 

0.63 

0.07 

0.67 

0.08 

0.04 

0.0349285 

6.30 

abp 

21 

0.57 

0.10 

0.6 

0.11 

0.03 

0.0479583 

5.30 

abp 

21 

261.13 

41.57 

280.57 

40.79 

19.44 

18.431941 

7.40 

abp 

21 

240.08 

42.16 

253.45 

46.44 

13.37 

20.245999 

5.60 

abp 

21 

1.83 

0.28 

2.11 

0.39 

0.28 

0.1842281 

15.30 

abp 

21 

30.10 

25.87 

52.9 

41.09 

22.80 

21.077193 

75.70 

abp 

21 

55.14 

1.46 

55.33 

1.56 

0.19 

0.6822903 

0.30 

abp 

32 

70.14 

13.15 

abp 

32 

34.30 

6.10 

abp 

32 

1.08 

0.09 

-1.08 

1.30 

2.80 

abp 

32 

0.88 

0.09 

-0.88 

0.50 

2.60 

abp 

32 

0.72 

0.09 

-0.72 

2.60 

6.10 

abp 

32 

34.70 

7.40 

2.30 

5.2 

8.60 

15.70 

abp 

32 

52.60 

16.90 

4.80 

6.4 

16.70 

25.40 

abp 

32 

37.70 

11.90 

4.60 

4.7 

21.70 

23.70 

abp 

32 

80.10 

30.50 

11.70 

12.9 

26.60 

31.60 

abp 

32 

93.20 

22.10 

3.80 

11.9 

8.40 

21.50 

abp 

71 

67.70 

12.40 

abp 

71 

25.30 

4.10 

abp 

71 

38.60 

4.50 

abp 

71 

37.90 

6.30 

abp 

71 

0.89 

0.13 

0.902 

0.01 

0.029 

1.35 

abp 

71 

0.75 

0.12 

0.764 

0.01 

0.025 

1.87 

abp 

71 

1.14 

0.15 

1.149 

0.01 

0.022 

0.79 

abp 

71 

1.12 

0.08 

1.124 

0.00 

0.011 

0.36 

abp 

71 

68.90 

11.40 

abp 

71 

25.80 

3.40 

abp 

71 

38.60 

4.60 

abp 

71 

39.30 

6.00 

abp 

71 

0.87 

0.13 

0.875 

0.01 

0.036 

0.57 

abp 

71 

0.74 

0.11 

0.748 

0.01 

0.024 

1.08 

abp 

71 

1.12 

0.18 

1.12 

0.00 

0.029 

0.00 

abp 

71 

1.11 

0.08 

1.11 

0.00 

0.013 

0.00 

abp 

5 

1.18 

0.10 

1.18 

0.11 

0.00 

0.0479583 

0.00 

abp 

5 

69 

12.67 

69.1 

13.70 

0.10 

5.9813627 

0.14 
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abp 

5 

38.3 

6.03 

40.7 

6.69 

2.40 

2.9161173 

6.27 

abp 

5 

42.57 

40.98 

-1.60 

-3.75 

abp 

5 

22.7 

2.06 

21.7 

1.12 

-1.00 

1.1597586 

-4.41 

abp 

5 

860.6 

512.70 

860.6 

512.70 

0.00 

229.28641 

0.00 

abp 

5 

1.17 

0.10 

1.19 

0.10 

0.02 

0.0447214 

1.71 

abp 

5 

72.3 

19.20 

71.2 

20.20 

-1.10 

8.8638592 

-1.52 

abp 

5 

41.3 

4.19 

41.5 

4.32 

0.20 

1.9071078 

0.48 

abp 

5 

42.44 

41.65 

-0.79 

-1.86 

abp 

5 

21.9 

2.93 

23.6 

2.04 

1.70 

1.4098014 

7.76 

abp 

5 

935 

326.70 

935 

326.70 

0.00 

146.10468 

0.00 

abp 

39 

1.03 

0.14 

abp 

39 

0.88 

0.10 

1.60 

2.51 

abp 

39 

0.94 

0.11 

abp 

39 

1.22 

0.11 

abp 

39 

1.04 

0.10 

abp 

39 

1.08 

0.10 

abp 

39 

0.61 

0.08 

abp 

39 

0.63 

0.07 

-1.50 

3.77 

abp 

39 

62 

7.00 

62 

7.00 

0.00 

3.1304952 

0.00 

abp 

39 

23.2 

2.60 

23.2 

2.60 

0.00 

1.1627553 

0.00 

abp 

39 

30.9 

3.70 

30.9 

3.70 

0.00 

1.6546903 

0.00 

abp 

39 

42.84 

42.84 

0.00 

0.00 

abp 

39 

36.4 

3.10 

39.5 

3.10 

3.61 

8.52 

abp 

39 

1125 

240.00 

1125 

240.00 

0.00 

107.33126 

0.00 

abp 

39 

58.00 

7.30 

abp 

39 

40.50 

7.90 

abp 

39 

142.10 

22.40 

abp 

39 

21.00 

25.90 

abp 

39 

444.00 

38.00 

abp 

39 

410.00 

37.00 

abp 

39 

6.40 

0.50 

abp 

26 

1.00 

0.15 

abp 

26 

0.85 

0.11 

abp 

26 

0.64 

0.09 

abp 

26 

0.39 

0.05 

abp 

26 

68 

9.00 

abp 

26 

26.3 

3.60 

abp 

26 

31.5 

6.30 

abp 

26 

46.58 

abp 

26 

890 

276.00 

890 

276.00 

0.00 

123.43095 

0.00 

Outcome  Characteristics 


210 


abp 

26 

60.90 

11.30 

abp 

26 

45.00 

10.00 

abp 

26 

133.30 

23.60 

abp 

26 

19.30 

3.40 

abp 

26 

1.83 

0.27 

abp 

23 

1.00 

0.13 

abp 

23 

0.89 

0.10 

abp 

23 

0.63 

0.08 

abp 

23 

0.39 

0.05 

abp 

23 

71 

12.00 

abp 

23 

26.5 

4.00 

abp 

23 

33.3 

6.50 

abp 

23 

942 

243.00 

942 

243.00 

0.00 

108.6729 

0.00 

abp 

23 

58.00 

10.50 

abp 

23 

45.20 

8.40 

abp 

23 

137.80 

22.60 

abp 

23 

18.10 

3.70 

abp 

23 

1.89 

0.32 

abp 

0.86 

0.11 

-0.86 

-0.42 

2.50 

abp 

30 

0.69 

0.11 

abp 

30 

1.04 

0.13 

abp 

30 

0.95 

0.16 

-0.95 

1.31 

2.30 

abp 

30 

-0.79 

1.81 

abp 

30 

23.56 

3.44 

23.4 

3.30 

-0.13 

0.7 

-0.55 

abp 

30 

1.31 

1.36 

abp 

30 

1.55 

4.49 

abp 

30 

1.93 

3.51 

abp 

30 

29.70 

45.1 

abp 

30 

25.30 

44.9 

abp 

30 

44.20 

5.30 

44.3 

5.30 

0.10 

2.3702321 

0.23 

abp 

0.89 

0.09 

-0.89 

-1.01 

1.30 

abp 

29 

0.73 

0.08 

abp 

29 

1.06 

0.12 

abp 

29 

0.99 

0.16 

-0.99 

1.10 

2.20 

abp 

29 

-0.46 

1.61 

abp 

29 

24.10 

3.42 

24 

3.50 

-0.08 

0.59 

-0.33 

abp 

29 

1.00 

1.27 

abp 

29 

1.84 

4.2 

abp 

29 

3.28 

4.71 

abp 

29 

32.90 

45 
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abp 

29 

22.00 

58.4 

abp 

29 

45.80 

6.10 

45.7 

6.10 

-0.10 

2.7280029 

-0.22 

abp 

0.67 

0.09 

-0.67 

0.21 

2.50 

abp 

28 

0.57 

0.07 

abp 

28 

0.83 

0.12 

abp 

28 

0.68 

0.09 

-0.68 

0.10 

2.30 

abp 

28 

0.32 

1.79 

abp 

28 

24.40 

4.29 

25.2 

4.40 

0.64 

0.77 

2.62 

abp 

28 

0.89 

1.36 

abp 

28 

3.23 

5.28 

abp 

28 

1.89 

4.05 

abp 

28 

62.60 

124.1 

abp 

28 

3.57 

26 

abp 

28 

34.90 

5.40 

35.3 

5.40 

0.40 

2.4149534 

1.15 

abp 

0.68 

0.11 

-0.68 

0.00 

4.50 

abp 

30 

0.57 

0.09 

abp 

30 

0.82 

0.14 

abp 

30 

0.69 

0.12 

-0.69 

2.00 

2.60 

abp 

30 

-0.09 

1.73 

abp 

30 

24.60 

4.00 

24.8 

3.90 

0.23 

0.81 

0.93 

abp 

30 

0.65 

1.77 

abp 

30 

0.84 

4.66 

abp 

30 

4.13 

5.52 

abp 

30 

49.50 

198.1 

abp 

30 

10.10 

38.2 

abp 

30 

35.30 

5.40 

35.6 

5.40 

0.30 

2.4149534 

0.85 

abp 

8 

45.50 

6.50 

abp 

8 

19.70 

1.30 

abp 

8 

0.60 

0.07 

0.62 

0.09 

0.03 

0.0395702 

4.29 

2.34 

abp 

9 

0.67 

0.04 

0.74 

0.05 

0.07 

0.0223607 

10.45 

abp 

9 

0.77 

0.07 

0.88 

0.08 

0.11 

0.0349285 

14.29 

abp 

9 

2.49 

0.52 

1.83 

0.26 

-0.66 

0.3076361 

-26.51 

abp 

9 

24.21 

3.84 

29.58 

5.78 

5.37 

2.8640251 

22.18 

abp 

9 

78.00 

9.20 

73.8 

7.30 

-4.20 

4.1281957 

-5.38 

abp 

123 

68.10 

10.90 

abp 

123 

36.30 

5.90 

abp 

123 

828.00 

414.00 

abp 

123 

24.10 

4.10 

abp 

115 

0.92 

0.16 

0.936 

0.17 

0.02 

0.027 

1.77 

2.76 

1.26 

2.28 

abp 

115 

0.71 

0.713 

0.01 

0.024 

1.01 

3.46 

0.37 

1.65 
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abp 

115 

0.37 

0.68 

1 

1.37 

0.63 

0.8138919 

170.27 

abp 

28 

69.40 

11.40 

abp 

28 

0.98 

0.10 

abp 

28 

38.10 

7.70 

abp 

28 

41.50 

abp 

23 

0.65 

0.11 

-0.65 

1.70 

4.10 

abp 

23 

0.98 

0.15 

-0.98 

1.50 

3.00 

abp 

23 

0.72 

0.10 

-0.72 

0.00 

3.10 

abp 

23 

0.55 

0.10 

-0.55 

2.30 

4.00 

abp 

25 

0.36 

0.06 

-0.36 

2.40 

4.30 

abp 

25 

0.50 

0.07 

-0.50 

0.50 

3.20 

abp 

25 

0.56 

0.08 

-0.56 

0.90 

3.50 

abp 

23 

54.00 

14.00 

99 

22.00 

45.00 

11.207141 

94.00 

83.00 

abp 

23 

45.00 

13.00 

86 

26.00 

41.00 

15.381807 

106.00 

97.00 

abp 

23 

42.00 

13.00 

85 

27.00 

43.00 

16.315637 

114.00 

90.00 

abp 

23 

49.00 

14.00 

84 

17.00 

35.00 

7.5232971 

86.00 

89.00 

abp 

23 

41.00 

13.00 

73 

26.00 

32.00 

15.381807 

95.00 

106.00 

abp 

25 

10.00 

2.00 

13 

2.00 

3.00 

0.8944272 

38.00 

40.00 

abp 

25 

6.00 

1.00 

8 

2.00 

2.00 

1.183216 

49.00 

42.00 

abp 

25 

9.00 

2.00 

12 

2.00 

3.00 

0.8944272 

33.00 

26.00 

abp 

25 

6.00 

1.00 

10 

2.00 

4.00 

1.183216 

67.00 

43.00 

abp 

25 

15.00 

3.00 

26 

6.00 

11.00 

3.5496479 

71.00 

26.00 

abp 

28 

70.80 

10.00 

abp 

28 

1.00 

0.12 

abp 

28 

40.40 

7.10 

abp 

28 

40.50 

4.00 

abp 

19 

0.65 

0.10 

-0.65 

0.30 

2.80 

abp 

19 

1.02 

0.15 

-1.02 

0.30 

2.40 

abp 

19 

0.75 

0.12 

-0.75 

0.20 

4.20 

abp 

19 

0.58 

0.16 

-0.58 

1.90 

8.90 

abp 

21 

0.37 

0.06 

-0.37 

-0.20 

5.90 

abp 

21 

0.53 

0.07 

-0.53 

0.10 

1.40 

abp 

21 

0.60 

0.08 

-0.60 

0.40 

2.80 

abp 

19 

51.00 

12.00 

98 

18.00 

47.00 

8.8994382 

102.00 

57.00 

abp 

19 

43.00 

9.00 

87 

18.00 

44.00 

10.648944 

110.00 

49.00 

abp 

19 

42.00 

13.00 

82 

22.00 

40.00 

11.75585 

128.00 

139.00 

abp 

19 

45.00 

8.00 

86 

18.00 

41.00 

11.349009 

96.00 

46.00 

abp 

19 

46.00 

15.00 

69 

20.00 

23.00 

9.2195445 

50.00 

44.00 

abp 

21 

10.00 

2.00 

12 

2.00 

2.00 

0.8944272 

21.00 

20.00 

abp 

21 

6.00 

1.00 

8 

2.00 

2.00 

1.183216 

38.00 

42.00 

Outcome  Characteristics 


213 


abp 

21 

9.00 

2.00 

11 

3.00 

2.00 

1.4832397 

25.00 

22.00 

abp 

21 

6.00 

2.00 

9 

2.00 

3.00 

0.8944272 

52.00 

36.00 

abp 

21 

15.00 

3.00 

25 

6.00 

10.00 

3.5496479 

68.00 

36.00 

abp 

42 

72.20 

12.00 

abp 

42 

43.00 

6.00 

abp 

42 

39.50 

4.20 

abp 

24 

0.90 

0.16 

-0.90 

-0.65 

2.12 

abp 

24 

0.86 

0.12 

-0.86 

0.57 

1.76 

abp 

24 

0.67 

0.10 

-0.67 

0.00 

2.33 

abp 

24 

1.01 

0.15 

-1.01 

0.70 

2.08 

abp 

24 

0.72 

0.11 

-0.72 

1.04 

2.81 

abp 

24 

0.36 

0.07 

-0.36 

-0.71 

2.77 

abp 

24 

0.53 

0.06 

-0.53 

-0.35 

2.25 

abp 

24 

0.62 

0.08 

-0.62 

-0.07 

2.65 

abp 

24 

0.00 

-0.62 

1.38 

abp 

42 

69.00 

11.40 

abp 

42 

40.00 

7.00 

abp 

42 

39.60 

4.30 

abp 

30 

0.91 

0.12 

-0.91 

-0.32 

1.85 

abp 

30 

0.84 

0.11 

-0.84 

-0.65 

1.81 

abp 

30 

0.65 

0.09 

-0.65 

-0.02 

2.60 

abp 

30 

1.00 

0.15 

-1.00 

-1.07 

2.49 

abp 

30 

0.72 

0.09 

-0.72 

0.03 

2.22 

abp 

30 

0.36 

0.07 

-0.36 

-0.39 

3.19 

abp 

30 

0.53 

0.07 

-0.53 

-1.21 

1.84 

abp 

30 

0.62 

0.06 

-0.62 

-0.96 

2.50 

abp 

30 

0.00 

-0.79 

1.73 

itt 

45 

83.20 

11.90 

itt 

45 

27.40 

3.70 

itt 

45 

911.00 

360.00 

itt 

45 

1.20 

2.10 

abp 

43 

1.23 

0.16 

1.236 

0.17 

0.00 

0.0741741 

0.93 

2.82 

abp 

43 

0.92 

0.07 

0.933 

0.07 

0.01 

0.0319906 

1.18 

2.32 

abp 

43 

1.03 

0.08 

1.03 

0.08 

0.00 

0.0367723 

0.37 

2.21 

itt 

46 

85.20 

10.90 

itt 

46 

28.10 

3.30 

itt 

46 

1064.00 

449.00 

itt 

46 

0.80 

1.10 

abp 

44 

1.25 

0.14 

1.26 

0.15 

0.01 

0.0645368 

1.01 

2.66 

abp 

44 

0.94 

0.08 

0.947 

0.08 

0.01 

0.0355668 

1.01 

2.29 
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abp 

44 

1.02 

0.09 

1.024 

0.09 

0.00 

0.0413787 

0.22 

2.01 

abp 

15 

55.00 

9.20 

abp 

15 

22.00 

4.40 

abp 

15 

33.50 

4.80 

abp 

15 

0.53 

0.01 

0.04 

0.80 

3.79 

-1.30 

2.90 

abp 

15 

0.45 

0.01 

0.04 

-0.50 

4.60 

-3.00 

2.10 

abp 

15 

1.10 

0.02 

0.08 

0.40 

2.08 

-0.70 

1.60 

abp 

15 

0.92 

0.02 

0.08 

0.50 

2.62 

-1.00 

1.90 

abp 

15 

0.85 

0.03 

0.12 

0.50 

3.25 

-1.30 

2.30 

abp 

15 

0.69 

0.02 

0.08 

0.50 

4.33 

-1.90 

2.90 

abp 

15 

0.84 

0.03 

0.12 

1.10 

5.42 

-1.90 

4.10 

abp 

15 

0.99 

0.02 

0.08 

0.90 

2.17 

-0.30 

2.10 

abp 

15 

30.00 

1.40 

5.42 

1.00 

10.56 

-4.90 

6.80 

abp 

15 

39.20 

1.20 

4.65 

-0.20 

4.15 

-2.50 

2.10 

abp 

15 

877.00 

123.00 

476.38 

-0.50 

360.25 

-200.00 

199.00 

abp 

15 

80.00 

5.70 

22.08 

55.00 

28.44 

39.20 

70.70 

abp 

16 

54.70 

7.60 

abp 

16 

23.00 

4.20 

abp 

16 

33.10 

6.50 

abp 

16 

0.53 

0.03 

0.12 

4.40 

4.22 

2.10 

6.60 

abp 

16 

0.48 

0.01 

0.04 

0.80 

5.91 

-2.40 

3.90 

abp 

16 

1.11 

0.02 

0.08 

1.40 

2.18 

0.18 

2.50 

abp 

16 

0.95 

0.00 

-1.00 

2.53 

-2.30 

0.40 

abp 

16 

0.86 

0.03 

0.12 

-0.70 

5.16 

-3.50 

2.00 

abp 

16 

0.71 

0.03 

0.12 

-0.30 

2.91 

-1.80 

1.30 

abp 

16 

0.83 

0.05 

0.20 

-2.00 

5.63 

-5.00 

1.00 

abp 

16 

1.01 

0.03 

0.12 

1.30 

2.44 

-0.10 

2.50 

abp 

16 

31.00 

1.50 

6.00 

-2.40 

11.26 

-8.40 

3.60 

abp 

16 

38.70 

1.10 

4.40 

0.50 

3.57 

-1.40 

2.40 

abp 

16 

764.00 

119.00 

476.00 

16.30 

443.83 

-220.00 

253.00 

abp 

16 

89.00 

5.80 

23.20 

14.00 

29.46 

-2.00 

29.40 

abp 

32 

59.90 

9.40 

58.70 

-1.20 

3.6 

-2.00 

abp 

32 

38.00 

4.10 

38.4 

0.40 

1.1 

1.05 

abp 

32 

20.60 

5.70 

20.5 

-0.10 

1.3 

-0.49 

abp 

29 

0.67 

0.14 

0.671 

0.00 

0.0197171 

-0.01 

0.009 

0.15 

abp 

29 

0.58 

0.11 

0.578 

0.00 

0.0184027 

-0.01 

0.005 

-0.34 

abp 

29 

0.51 

0.11 

0.52 

0.01 

0.0354909 

-0 

0.023 

1.96 

abp 

32 

214.11 

68.83 

213.03 

-1.08 

6.43482 

-3.4 

1.24 

-0.50 

abp 

32 

198.21 

56.65 

197.16 

-1.05 

2.9261789 

-3.4 

-1.29 

-0.53 

abp 

32 

1069.04 

48.01 

1068.98 

-0.06 

15.074675 

-5.49 

5.38 

-0.01 
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abp 

32 

1260.37 

348.00 

1246.7 

-13.67 

58.689996 

-34.8 

7.49 

-1.08 

abp 

31 

160.11 

37.72 

159.66 

-0.45 

3.5305059 

-1.75 

0.84 

-0.28 

abp 

31 

537.12 

79.69 

538.72 

1.60 

17.925155 

-4.98 

8.17 

0.30 

abp 

31 

304.26 

81.84 

302.02 

-2.24 

12.431743 

-6.8 

2.32 

-0.74 

abp 

21 

57.64 

18.59 

58.64 

1.00 

3.6577767 

-0.66 

2.67 

1.73 

abp 

21 

51.78 

14.01 

52.23 

0.45 

2.9767492 

-0.91 

1.8 

0.87 

abp 

21 

1096.80 

76.55 

1112.19 

15.39 

28.811857 

2.27 

28.5 

1.40 

abp 

21 

4.95 

14.158781 

-1.5 

11.39 

abp 

27 

57.07 

17.87 

58.06 

0.99 

9.1256832 

-2.57 

4.65 

1.73 

abp 

27 

120.22 

31.27 

123.26 

3.04 

32.710898 

-9.9 

15.98 

2.53 

abp 

27 

478.02 

85.77 

475.27 

-2.75 

48.118388 

-36.8 

1.28 

-0.58 

abp 

34 

62.50 

9.30 

61.5 

-1.00 

2.1 

-1.60 

abp 

34 

38.10 

4.50 

38.4 

0.30 

1 

0.79 

abp 

34 

23.90 

6.30 

23.4 

-0.50 

1.5 

-2.09 

abp 

33 

0.69 

0.11 

0.70 

0.01 

0.0183313 

0 

0.013 

0.87 

abp 

33 

0.60 

0.08 

0.60 

0.00 

0.0197414 

-0 

0.011 

0.67 

abp 

33 

0.53 

0.08 

0.54 

0.01 

0.0352525 

-0.01 

0.02 

1.51 

abp 

33 

229.70 

51.83 

228.48 

-1.22 

6.3454536 

-3.46 

1.04 

-0.53 

abp 

33 

212.39 

42.92 

210.21 

-2.18 

6.4159586 

-4.46 

0.09 

-1.03 

abp 

33 

1076.20 

42.26 

1081.52 

5.32 

14.876563 

0.04 

10.59 

0.49 

abp 

33 

1338.39 

270.22 

1330.02 

-8.37 

57.983345 

-28.9 

12.19 

-0.63 

abp 

32 

165.75 

29.37 

164.78 

-0.97 

3.4809048 

-2.23 

0.28 

-0.59 

abp 

32 

548.68 

77.84 

544.92 

-3.76 

17.640282 

-10.1 

2.6 

-0.69 

abp 

32 

307.22 

67.82 

307.38 

0.16 

12.259442 

-4.26 

4.58 

0.05 

abp 

31 

59.05 

11.71 

58.34 

-0.71 

3.6395562 

-2.04 

0.63 

-1.20 

abp 

31 

52.83 

9.62 

52.42 

-0.41 

2.9716227 

-1.5 

0.68 

-0.78 

abp 

31 

1114.59 

32.56 

1110.04 

-4.55 

28.680248 

-15.1 

5.97 

-0.41 

abp 

31 

-0.60 

14.094761 

-5.77 

4.57 

abp 

32 

58.39 

14.37 

55.07 

-3.32 

9.3193945 

-6.68 

0.04 

-5.69 

abp 

32 

127.31 

32.12 

120.95 

-6.36 

32.936848 

-18.2 

5.51 

-5.00 

abp 

32 

469.39 

91.44 

473.01 

3.62 

86.592707 

-27.6 

34.84 

0.77 

abp 

22 

1.13 

0.08 

1.12 

0.08 

-0.01 

0.0358106 

-1.24 

abp 

22 

1.18 

0.15 

1.20 

0.15 

0.02 

0.0679765 

1.35 

abp 

22 

0.94 

0.13 

0.93 

0.12 

-0.01 

0.0552069 

-0.95 

abp 

22 

0.75 

0.10 

0.76 

0.10 

0.01 

0.0438703 

1.47 

abp 

22 

0.88 

0.14 

0.90 

0.14 

0.02 

0.0619468 

1.70 

abp 

22 

0.69 

0.05 

0.70 

0.05 

0.01 

0.0239458 

1.30 

abp 

22 

58.4 

9.90 

abp 

22 

21.45 

abp 

22 

27.4 

7.80 
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abp 

22 

42.4 

itt 

23 

714.50 

358.40 

itt 

23 

1.80 

1.70 

itt 

23 

28.80 

4.60 

28.2 

3.90 

-0.60 

2.0194059 

-2.08 

itt 

23 

41.80 

8.60 

44.6 

8.60 

2.80 

3.8460369 

6.70 

itt 

23 

38.80 

4.40 

35.2 

5.50 

-3.60 

2.4596748 

-9.28 

itt 

23 

5.50 

0.50 

4.9 

0.30 

-0.60 

0.2645751 

-10.91 

itt 

23 

26.30 

13.20 

31.7 

12.80 

5.40 

5.8268345 

20.53 

itt 

23 

76.20 

16.00 

90.5 

15.10 

14.30 

7.0092796 

18.77 

itt 

23 

50.50 

18.30 

61.6 

14.90 

11.10 

8.1298216 

21.98 

itt 

23 

123.00 

29.80 

140.7 

31.10 

17.70 

13.676476 

14.39 

itt 

23 

74.60 

23.40 

94.4 

24.50 

19.80 

10.764293 

26.54 

itt 

23 

0.68 

0.08 

0.676 

0.09 

-0.01 

0.0392428 

-1.17 

itt 

23 

0.65 

0.10 

0.666 

0.11 

0.02 

0.0462061 

3.10 

itt 

23 

1.04 

0.17 

1.047 

0.16 

0.01 

0.0743398 

1.16 

itt 

23 

0.86 

0.12 

0.873 

0.13 

0.01 

0.057772 

1.63 

itt 

24 

608.50 

248.80 

itt 

24 

2.30 

1.40 

itt 

24 

27.50 

3.80 

27.5 

3.30 

0.00 

1.6607227 

0.00 

itt 

24 

37.30 

5.20 

37.2 

5.20 

-0.10 

2.3255107 

-0.27 

itt 

24 

39.20 

4.50 

38.4 

3.80 

-0.80 

1.977372 

-2.04 

itt 

24 

5.90 

0.90 

5.1 

0.60 

-0.80 

0.4449719 

-13.56 

itt 

24 

28.80 

14.90 

32.9 

9.50 

4.10 

7.580897 

14.24 

itt 

24 

84.50 

21.50 

81.2 

24.90 

-3.30 

10.89174 

-3.91 

itt 

24 

47.20 

12.80 

51.7 

11.80 

4.50 

5.5864121 

9.53 

itt 

24 

137.70 

36.50 

132.5 

28.20 

-5.20 

16.575584 

-3.78 

itt 

24 

71.80 

19.00 

77.1 

19.30 

5.30 

8.5691306 

7.38 

itt 

24 

0.66 

0.11 

0.66 

0.11 

0.00 

0.0486518 

0.46 

itt 

24 

0.64 

0.10 

0.641 

0.10 

0.00 

0.0440613 

0.47 

itt 

24 

1.02 

0.14 

1.02 

0.14 

0.00 

0.0632882 

-0.20 

itt 

24 

0.85 

0.13 

0.849 

0.12 

0.00 

0.0556866 

0.12 

itt 

30 

654.90 

200.80 

itt 

30 

1.60 

1.20 

itt 

30 

28.40 

3.70 

28.4 

3.30 

0.00 

1.6130716 

0.00 

itt 

30 

38.00 

2.90 

35.9 

3.10 

-2.10 

1.3557286 

-5.53 

itt 

30 

39.30 

5.50 

40.6 

5.80 

1.30 

2.5436195 

3.31 

itt 

30 

544.80 

67.40 

555 

62.00 

10.20 

29.409522 

1.87 

itt 

30 

24.70 

4.20 

27 

3.20 

2.30 

1.9204166 

9.31 

itt 

30 

5.80 

1.20 

5 

0.80 

-0.80 

0.5932959 

-13.79 

itt 

30 

28.30 

14.70 

34.2 

12.50 

5.90 

6.4490309 

20.85 

Outcome  Characteristics 


217 


itt 

30 

17.30 

4.40 

19.8 

3.80 

2.50 

1.9245779 

14.45 

itt 

30 

82.90 

20.60 

90.9 

20.00 

8.00 

9.0972523 

9.65 

itt 

30 

77.60 

18.60 

79.8 

24.50 

2.20 

11.222745 

2.84 

itt 

30 

51.10 

15.40 

55.1 

16.10 

4.00 

7.0765811 

7.83 

itt 

30 

49.90 

14.00 

56.8 

14.40 

6.90 

6.3623895 

13.83 

itt 

30 

137.60 

27.50 

141.9 

34.80 

4.30 

15.64257 

3.13 

itt 

30 

126.50 

36.50 

135.5 

30.90 

9.00 

16.029036 

7.11 

itt 

30 

68.90 

19.10 

75.1 

20.20 

6.20 

8.8529091 

9.00 

itt 

30 

72.50 

18.00 

79.5 

20.50 

7.00 

8.9470666 

9.66 

itt 

30 

0.70 

0.09 

0.717 

0.09 

0.02 

0.0397869 

2.58 

itt 

30 

0.62 

0.08 

0.628 

0.08 

0.01 

0.0356735 

1.13 

itt 

30 

0.99 

0.14 

0.989 

0.15 

0.00 

0.0652518 

0.30 

itt 

30 

0.83 

0.10 

0.832 

0.10 

0.00 

0.0462969 

0.48 

itt 

30 

0.86 

0.10 

0.868 

0.09 

0.01 

0.0428089 

1.28 

abp 

20 

1.00 

0.13 

0.99 

0.13 

-0.01 

0.0578705 

-0.48 

3.63 

abp 

20 

68.9 

11.50 

68.5 

11.20 

-0.40 

5.0842895 

-0.58 

abp 

20 

26.16 

26 

-0.16 

-0.61 

abp 

20 

23.2 

4.40 

25 

4.10 

1.80 

1.9230185 

7.76 

abp 

16 

1.05 

0.17 

1.06 

0.17 

0.01 

0.0771505 

0.81 

4.53 

abp 

16 

65.6 

11.90 

64.5 

11.00 

-1.10 

5.1951901 

-1.68 

abp 

16 

25.95 

25.51 

-0.44 

-1.70 

abp 

16 

24.2 

4.70 

26.1 

5.00 

1.90 

2.1886069 

7.85 

itt 

20 

0.85 

0.13 

0.86 

0.01 

0.039 

0.90 

4.50 

itt 

20 

1.02 

0.16 

1.03 

0.01 

0.033 

1.00 

3.60 

itt 

20 

64.7 

7.70 

itt 

20 

24.4 

2.50 

itt 

20 

724 

350.00 

931 

378.00 

207.00 

165.05757 

28.59 

itt 

20 

84.70 

14.10 

111.6 

19.10 

26.90 

8.8804279 

35.20 

itt 

20 

22.10 

6.20 

37.8 

10.40 

15.70 

5.5259388 

72.40 

itt 

20 

18.50 

4.10 

32.4 

5.10 

13.90 

2.2764007 

76.30 

itt 

20 

27.60 

6.80 

37.8 

7.60 

10.20 

3.3130047 

43.50 

itt 

20 

14.30 

5.10 

20.4 

5.10 

6.10 

2.2807893 

42.60 

itt 

20 

24.60 

5.80 

20.4 

5.20 

-4.20 

2.5282405 

-14.30 

itt 

20 

6762.00 

1046.00 

8610 

1109.00 

1848.00 

485.76929 

abp 

23 

69.00 

12.40 

abp 

23 

25.90 

4.40 

abp 

23 

0.73 

0.01 

0.05 

0.73 

0.01 

0.05 

0.00 

0.0214476 

0.00 

abp 

23 

0.88 

0.02 

0.10 

0.89 

0.02 

0.10 

0.01 

0.0428952 

1.14 

abp 

23 

1.01 

0.02 

0.10 

1.02 

0.02 

0.10 

0.01 

0.0428952 

0.99 

abp 

31 

862.00 

145.00 

864.73 

2.73 

0.32 

1.42 
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abp 

31 

849.00 

121.00 

851.76 

2.76 

0.33 

1.77 

abp 

31 

657.00 

89.00 

649.58 

-7.42 

-1.13 

2.15 

abp 

31 

629.00 

87.00 

634.09 

5.09 

0.81 

2.29 

abp 

31 

1001.00 

161.00 

1003.30 

2.30 

0.23 

1.79 

abp 

31 

694.00 

103.00 

695.94 

1.94 

0.28 

1.92 

abp 

31 

641.00 

92.00 

633.31 

-7.69 

-1.20 

2.35 

abp 

31 

623.00 

101.00 

616.46 

-6.54 

-1.05 

2.26 

abp 

20 

68.40 

12.00 

68.5 

12.00 

0.10 

5.3665631 

0.15 

abp 

20 

0.82 

0.11 

0.83 

0.12 

0.01 

0.052345 

1.22 

abp 

20 

0.69 

0.13 

0.7 

0.11 

0.01 

0.0570964 

1.45 

abp 

20 

0.74 

0.10 

0.75 

0.11 

0.01 

0.0479583 

1.35 

abp 

20 

1.10 

0.17 

1.13 

0.18 

0.03 

0.078867 

2.73 

abp 

20 

24.60 

3.80 

26.7 

3.60 

2.10 

1.6661332 

8.54 

abp 

20 

13.40 

2.30 

17.3 

2.80 

3.90 

1.2401613 

29.10 

abp 

20 

99.50 

10.20 

118.5 

9.30 

19.00 

4.447696 

19.10 

abp 

20 

4.30 

0.90 

6.6 

0.80 

2.30 

0.3924283 

53.49 

abp 

20 

22.00 

4.20 

33 

4.40 

11.00 

1.9328735 

50.00 

abp 

20 

29.50 

4.80 

33.5 

4.30 

4.00 

2.0923671 

13.56 

itt 

26 

36.90 

5.40 

itt 

26 

17.40 

3.50 

18.8 

1.40 

1 

8.05 

itt 

26 

99.20 

17.40 

98.7 

-0.50 

3.6 

-0.50 

itt 

26 

57.60 

13.70 

58.9 

1.30 

1.6 

2.26 

itt 

26 

41.60 

9.40 

39.8 

-1.80 

1.9 

-4.33 

itt 

26 

0.96 

0.15 

0.971 

0.01 

0.014 

1.36 

itt 

26 

519.00 

187.00 

693 

174.00 

166 

33.53 

itt 

26 

10.90 

3.30 

9.4 

-1.50 

1.4 

-13.76 

itt 

26 

13.40 

10.40 

16.8 

3.40 

5.9 

25.37 

itt 

26 

1.16 

0.12 

1.17 

0.01 

0.023 

0.60 

itt 

26 

1.08 

0.16 

1.083 

0.01 

0.027 

0.74 

itt 

65 

72.00 

15.00 

itt 

65 

15.00 

3.00 

itt 

65 

0.84 

0.18 

0.85 

0.19 

0.01 

0.0833067 

1.19 

itt 

65 

0.65 

0.17 

0.65 

0.17 

0.00 

0.0760263 

0.00 

itt 

65 

0.70 

0.15 

0.7 

0.17 

0.00 

0.074162 

0.00 

itt 

65 

1.09 

0.26 

1.08 

0.28 

-0.01 

0.1223111 

-0.92 

itt 

65 

1.09 

0.16 

1.09 

0.18 

0.00 

0.0784857 

0.00 

itt 

65 

792.00 

282.00 

1286 

322.00 

494.00 

140.57311 

62.37 

itt 

65 

147.00 

94.00 

613 

119.00 

466.00 

53.499533 

317.01 

itt 

72 

88.80 

2.10 

17.82 

93.00 

4.20 

11.879394 

1.4 

4.73 

itt 

72 

295.00 

5.80 

49.21 

323.50 

28.50 

61.942554 

7.3 

9.66 

Outcome  Characteristics 


219 


itt 

72 

81.60 

1.10 

9.33 

82.90 

1.30 

5.939697 

0.7 

1.59 

itt 

72 

34.90 

0.80 

6.79 

34.30 

-0.60 

5.0911688 

0.6 

-1.72 

itt 

72 

43.30 

0.50 

4.24 

45.00 

1.70 

2.5455844 

0.3 

3.93 

itt 

72 

0.85 

0.01 

0.08 

0.86 

0.01 

0.08 

0.01 

0.0379473 

1.18 

itt 

72 

1.07 

0.01 

0.08 

1.07 

0.01 

0.08 

0.00 

0.0379473 

0.00 

itt 

72 

1.09 

0.01 

0.08 

1.09 

0.01 

0.08 

0.00 

0.0379473 

itt 

72 

1.29 

0.02 

0.17 

1.29 

0.02 

0.17 

0.00 

0.0758947 

abp 

45 

abp 

22 

abp 

28 

abp 

28 

1.24 

0.12 

0.97 

3.23 

0.61 

abp 

28 

0.69 

0.06 

-0.77 

3.70 

0.70 

abp 

28 

1.01 

0.12 

-1.49 

3.23 

0.61 

abp 

28 

0.79 

0.12 

-0.99 

4.55 

0.86 

abp 

28 

0.97 

0.16 

-1.33 

5.87 

1.11 

abp 

28 

60.15 

9.96 

abp 

28 

914.00 

403.21 

itt 

14 

61.70 

10.80 

itt 

10 

0.97 

0.17 

0.978 

0.17 

0.01 

0.035 

0.93 

itt 

10 

0.73 

0.12 

0.717 

0.13 

-0.01 

0.026 

-1.24 

abp 

31 

54.10 

7.30 

53.1 

7.30 

-1.00 

3.2646592 

-1.85 

abp 

31 

22.40 

2.90 

22.1 

2.90 

-0.30 

1.2969194 

-1.34 

abp 

31 

723.80 

221.50 

693 

220.30 

-30.80 

98.796407 

-4.26 

abp 

31 

12.30 

13.10 

6.3 

3.40 

-6.00 

10.148793 

-48.78 

abp 

31 

0.98 

0.10 

0.976 

0.10 

0.00 

0.0438748 

-0.26 

1.58 

abp 

31 

37.90 

4.20 

38 

4.30 

0.10 

1.9031553 

0.23 

2.27 

abp 

31 

16.80 

4.30 

16.2 

4.20 

-0.60 

1.9031553 

-3.37 

6.35 

abp 

31 

0.88 

0.12 

0.866 

0.11 

-0.01 

0.0532748 

-1.30 

2.26 

abp 

31 

0.78 

0.11 

0.775 

0.11 

-0.01 

0.0501019 

-0.60 

2.31 

abp 

31 

0.67 

0.12 

0.667 

0.11 

0.00 

0.0508724 

-0.39 

4.09 

abp 

31 

0.59 

0.10 

0.589 

0.09 

0.00 

0.0428089 

-0.31 

3.44 

abp 

6 

96.21 

0.86 

7.82 

0.00 

0.88 

0.02 

0.3916102 

-1.04 

abp 

6 

31.40 

5.50 

31.1 

5.60 

-0.40 

0.7 

-1.27 

abp 

6 

1.11 

0.09 

1.1293 

0.10 

0.02 

0.0328 

2.10 

abp 

6 

0.77 

0.34 

0.9312 

0.08 

0.16 

0.3492 

20.25 

abp 

6 

0.86 

0.06 

0.8548 

0.05 

-0.01 

0.0294 

-0.78 
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met sd e 

p met sd e 

n c 

i c 

i se c 

i sd c 

f c 

f se c 

f sd c 

d c 

d sd c 

d se c 

lci c 

uci c 

P c 

confidence  interval 

19 

-0.30 

confidence  interval 

19 

0.10 

confidence  interval 

19 

-0.70 

confidence  interval 

19 

0.20 

confidence  interval 

19 

62.6 

9.50 

60.7 

-1.90 

4.88 

-4.2 

0.5 

-3.04 

19 

23.9 

3.50 

19 

29.7 

5.00 

confidence  interval 

19 

-0.30 

confidence  interval 

19 

0.10 

confidence  interval 

19 

-0.70 

confidence  interval 

19 

0.20 

confidence  interval 

19 

62.6 

9.50 

60.7 

-1.90 

4.88 

-4.2 

0.5 

-3.04 

19 

23.9 

3.50 

19 

29.7 

5.00 

confidence  interval 

19 

-0.30 

confidence  interval 

19 

0.10 

confidence  interval 

19 

-0.70 

confidence  interval 

19 

0.20 

confidence  interval 

19 

62.6 

9.50 

60.7 

-1.90 

4.88 

-4.2 

0.5 

-3.04 

19 

23.9 

3.50 

19 

29.7 

5.00 

change  score  sd  (imputed) 

25 

1.22 

0.10 

1.23 

0.11 

0.01 

0.02 

1.06 

change  score  sd  (imputed) 

25 

0.99 

0.09 

1.00 

0.11 

0.00 

0.04 

0.40 

change  score  sd  (imputed) 

25 

0.82 

0.09 

0.82 

0.11 

0.00 

0.04 

0.37 

pre-post  sd 

25 

62.7 

2.00 

62.7 

2.00 

0.00 

0.89 

0.00 

pre-post  sd 

25 

23.2 

3.20 

23.2 

3.20 

0.00 

1.43 

0.00 

change  score  sem 

25 

194 

55.00 

8.60 

22.50 

4.5 

4.43 

change  score  sem 

25 

40 

6.00 

2.40 

3.80 

0.76 

6.00 

change  score  sd  (imputed) 

32 

1.12 

0.12 

1.12 

0.12 

0.00 

0.04 

-0.09 

change  score  sd  (imputed) 

32 

0.93 

0.13 

0.92 

0.11 

-0.01 

0.03 

-0.54 

change  score  sd  (imputed) 

32 

0.79 

0.11 

0.79 

0.10 

-0.01 

0.03 

-0.76 

pre-post  sd 

32 

66.5 

7.80 

66.5 

7.80 

0.00 

3.49 

0.00 

pre-post  sd 

32 

25.1 

2.60 

25.1 

2.60 

0.00 

1.16 

0.00 

pre-post  sd 

32 

1139 

340.00 

1139 

340.00 

0.00 

152.05 

0.00 

change  score  sd  (imputed) 

22 

1.15 

0.12 

1.16 

0.12 

0.02 

0.02 

1.57 

change  score  sd  (imputed) 

22 

0.89 

0.11 

0.89 

0.11 

0.00 

0.03 

-0.11 

change  score  sd  (imputed) 

22 

0.77 

0.11 

0.77 

0.12 

0.00 

0.03 

-0.52 

pre-post  sd 

22 

63.8 

9.20 

63.8 

9.20 

0.00 

4.11 

0.00 

pre-post  sd 

22 

24.6 

2.57 

24.6 

2.57 

0.00 

1.15 

0.00 
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pre-post  sd 

22 

1190 

336.00 

1190 

336.00 

0.00 

150.26 

0.00 

change  score  sent 

22 

39 

6.60 

5.80 

6.10 

1.3 

14.87 

44 

24.9 

2.30 

pre-post  sd 

44 

18.8 

5.60 

16.8 

5.10 

-2.00 

2.44 

-10.64 

pre-post  sd 

44 

1.021 

0.11 

1.014 

0.11 

-0.01 

0.05 

-0.69 

pre-post  sd 

44 

1.049 

0.12 

1.042 

0.12 

-0.01 

0.05 

-0.67 

pre-post  sd 

44 

0.869 

0.08 

0.866 

0.08 

0.00 

0.04 

-0.35 

pre-post  sd 

44 

0.826 

0.09 

0.832 

0.09 

0.01 

0.04 

0.73 

pre-post  sd 

52 

18.8 

5.60 

16.8 

5.10 

-2.00 

2.44 

-10.64 

pre-post  sd 

52 

1.007 

0.11 

1.002 

0.11 

0.00 

0.05 

-0.50 

pre-post  sd 

52 

1.033 

0.12 

1.028 

0.12 

0.00 

0.05 

-0.48 

pre-post  sd 

52 

0.875 

0.08 

0.874 

0.08 

0.00 

0.04 

-0.11 

pre-post  sd 

52 

0.832 

0.09 

0.834 

0.09 

0.00 

0.04 

0.24 

15 

24.61 

2.32 

change  score  sent 

15 

1.18 

0.20 

1.15 

-0.03 

0.04 

0.01 

-2.54 

pre-post  sd 

15 

0.955 

0.10 

0.942 

0.15 

-0.01 

0.07 

-1.36 

15 

pre-post  sd 

change  score  sem 

10 

0.706 

0.001 

0.00 

0.695 

0.001 

0.00 

-0.01 

0.00 

-1.58 

pre-post  sd 

change  score  sem 

10 

0.882 

0.002 

0.01 

0.873 

0.002 

0.01 

-0.01 

0.00 

-0.98 

pre-post  sd 

10 

39 

8 

25.30 

38 

7 

22.14 

-1.00 

11.05 

-2.56 

pre-post  sd 

10 

22 

7 

22.14 

23 

5 

15.81 

1.00 

10.49 

4.55 

pre-post  sd 

10 

69 

22.14 

70.01 

69 

18.97 

59.99 

0.00 

30.67 

0.00 

pre-post  sd 

10 

27 

18.97 

59.99 

28 

22.14 

70.01 

1.00 

30.67 

3.70 

pre-post  sd 

10 

31 

9.49 

30.01 

32 

18.87 

59.67 

1.00 

35.19 

3.23 

pre-post  sd 

9 

61.4 

5.90 

62.8 

5.30 

1.40 

2.57 

2.28 

pre-post  sd 

9 

21 

4.80 

22 

4.60 

1.00 

2.11 

4.76 

change  score  sd  (imputed) 

9 

21.033 

1.50 

21.578 

1.73 

0.54 

1.07 

2.59 

change  score  sd  (imputed) 

9 

508.89 

49.28 

517.89 

40.62 

9.00 

49.82 

1.77 

change  score  sd  (imputed) 

9 

7 

0.93 

7.125 

0.88 

0.13 

0.35 

1.79 

change  score  sd  (imputed) 

9 

41.889 

7.25 

42.622 

7.02 

0.73 

2.41 

1.75 

change  score  sd  (imputed) 

9 

110.67 

21.14 

113.44 

22.15 

2.78 

4.74 

2.51 

change  score  sd  (imputed) 

9 

0.8539 

0.13 

0.86011 

0.13 

0.01 

0.01 

0.73 

change  score  sd  (imputed) 

9 

0.691 

0.08 

0.69678 

0.08 

0.01 

0.01 

0.84 

change  score  sd  (imputed) 

9 

0.5707 

0.07 

0.57367 

0.07 

0.00 

0.00 

0.53 

change  score  sd  (imputed) 

9 

0.4737 

0.07 

0.48389 

0.07 

0.01 

0.02 

2.15 

change  score  sd  (imputed) 

9 

0.9454 

0.08 

0.94933 

0.08 

0.00 

0.01 

0.41 

pre-post  sd 

9 

61.4 

5.90 

62.8 

5.30 

1.40 

2.57 

2.28 

pre-post  sd 

9 

21 

4.80 

22 

4.60 

1.00 

2.11 

4.76 

change  score  sd  (imputed) 

9 

21.033 

1.50 

21.578 

1.73 

0.54 

1.07 

2.59 

change  score  sd  (imputed) 

9 

508.89 

49.28 

517.89 

40.62 

9.00 

49.82 

1.77 
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change  score  sd  (imputed) 

9 

7 

0.93 

7.125 

0.88 

0.13 

0.35 

1.79 

change  score  sd  (imputed) 

9 

41.889 

7.25 

42.622 

7.02 

0.73 

2.41 

1.75 

change  score  sd  (imputed) 

9 

110.67 

21.14 

113.44 

22.15 

2.78 

4.74 

2.51 

change  score  sd  (imputed) 

9 

0.8539 

0.13 

0.86011 

0.13 

0.01 

0.01 

0.73 

change  score  sd  (imputed) 

9 

0.691 

0.08 

0.69678 

0.08 

0.01 

0.01 

0.84 

change  score  sd  (imputed) 

9 

0.5707 

0.07 

0.57367 

0.07 

0.00 

0.00 

0.53 

change  score  sd  (imputed) 

9 

0.4737 

0.07 

0.48389 

0.07 

0.01 

0.02 

2.15 

change  score  sd  (imputed) 

9 

0.9454 

0.08 

0.94933 

0.08 

0.00 

0.01 

0.41 

change  score  sd  (imputed) 

40 

1.04 

0.20 

1.03 

0.20 

0.00 

0.09 

-0.48 

change  score  sd  (imputed) 

40 

0.84 

0.11 

0.85 

0.11 

0.01 

0.05 

1.31 

change  score  sd  (imputed) 

40 

0.53 

0.11 

0.52 

0.11 

-0.01 

0.05 

-1.89 

40 

67.9 

10.60 

68.8 

0.90 

1.90 

1.33 

40 

25.6 

3.50 

25.93 

0.33 

1.29 

pre-post  sd 

40 

841 

240.00 

853 

272.00 

12.00 

118.66 

1.43 

12 

73.2 

4.8 

16.63 

12 

26.6 

1.2 

4.16 

12 

40 

2 

6.93 

12 

1019 

115 

398.37 

12 

8.1 

2.2 

7.62 

pre-post  sd 

change  score  sem 

12 

0.939 

0.033 

0.11 

0.937 

0.031 

0.11 

0.00 

0.05 

-0.10 

pre-post  sd 

change  score  sem 

12 

0.847 

0.03 

0.10 

0.841 

0.03 

0.10 

-0.01 

0.05 

-0.70 

pre-post  sd 

change  score  sem 

12 

0.721 

0.025 

0.09 

0.718 

0.026 

0.09 

0.00 

0.04 

-0.40 

pre-post  sd 

change  score  sem 

12 

0.662 

0.022 

0.08 

0.661 

0.023 

0.08 

0.00 

0.04 

-0.20 

pre-post  sd 

change  score  sem 

12 

0.566 

0.023 

0.08 

0.571 

0.025 

0.09 

0.01 

0.04 

0.80 

pre-post  sd 

change  score  sem 

12 

0.991 

0.016 

0.06 

0.986 

0.016 

0.06 

-0.01 

0.02 

-0.50 

pre-post  sd 

change  score  sem 

12 

31.4 

4.6 

15.93 

29.3 

5.1 

17.67 

-2.10 

7.70 

-2.00 

pre-post  sd 

change  score  sem 

12 

110.6 

9.2 

31.87 

114 

8.9 

30.83 

3.40 

14.06 

4.00 

pre-post  sd 

22 

79.5 

9.20 

79 

8.40 

-0.50 

4.01 

-0.63 

pre-post  sd 

22 

31 

2.90 

30.8 

2.90 

-0.20 

1.30 

-0.65 

pre-post  sd 

22 

35.4 

7.30 

35.2 

6.90 

-0.20 

3.20 

-0.56 

pre-post  sd 

22 

41.1 

3.60 

40.9 

3.90 

-0.20 

1.70 

-0.49 

pre-post  sd 

22 

45.9 

5.00 

46 

4.80 

0.10 

2.20 

0.22 

pre-post  sd 

22 

1.13 

0.06 

1.12 

0.06 

-0.01 

0.03 

-0.88 

pre-post  sd 

22 

1.07 

0.14 

1.09 

0.13 

0.02 

0.06 

1.87 

pre-post  sd 

22 

1 

0.08 

1 

0.08 

0.00 

0.04 

0.00 

pre-post  sd 

22 

0.92 

0.09 

0.91 

0.09 

-0.01 

0.04 

-1.09 

pre-post  sd 

22 

0.84 

0.07 

0.84 

0.06 

0.00 

0.03 

0.00 

pre-post  sd 

22 

0.76 

0.10 

0.8 

0.10 

0.04 

0.04 

5.26 

pre-post  sd 

19 

67.7 

8.50 

67.8 

8.50 

0.10 

3.80 

0.15 

pre-post  sd 

19 

26.1 

3.20 

26.4 

3.40 

0.30 

1.49 

1.15 
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pre-post  sd 

19 

38.8 

3.30 

37.6 

3.40 

-1.20 

1.50 

-3.09 

pre-post  sd 

19 

0.98 

0.10 

1 

0.10 

0.02 

0.04 

2.00 

pre-post  sd 

19 

0.68 

0.07 

0.69 

0.08 

0.01 

0.03 

1.50 

pre-post  sd 

19 

0.95 

0.15 

0.96 

0.15 

0.01 

0.07 

1.00 

pre-post  sd 

19 

0.78 

0.10 

0.78 

0.10 

0.00 

0.04 

0.00 

pre-post  sd 

19 

0.68 

0.11 

0.7 

0.11 

0.02 

0.05 

2.90 

pre-post  sd 

19 

0.64 

0.10 

0.62 

0.12 

-0.02 

0.05 

-3.10 

pre-post  sd 

19 

284.19 

38.98 

277.03 

51.71 

-7.16 

23.77 

-2.50 

pre-post  sd 

19 

238.02 

49.24 

235.16 

41.21 

-2.86 

21.69 

-1.20 

pre-post  sd 

19 

1.79 

0.26 

1.86 

0.31 

0.07 

0.14 

3.90 

pre-post  sd 

19 

42.89 

44.64 

61.22 

48.78 

18.33 

21.28 

42.70 

pre-post  sd 

19 

54.79 

2.30 

54.58 

2.34 

-0.21 

1.04 

-0.40 

31 

65.09 

15.42 

31 

33.3 

5.90 

change  score  sd  (imputed) 

31 

1.06 

0.12 

0.00 

-1.06 

0.20 

change  score  sd  (imputed) 

31 

0.84 

-0.84 

-1.90 

change  score  sd  (imputed) 

31 

0.69 

0.06 

-0.69 

0.30 

change  score  sd  (imputed) 

change  score  sd  (imputed) 

31 

35.4 

6.60 

-1.80 

6.00 

-4.00 

change  score  sd  (imputed) 

change  score  sd  (imputed) 

31 

51.2 

16.00 

0.87 

5.80 

6.00 

change  score  sd  (imputed) 

change  score  sd  (imputed) 

31 

36.3 

11.40 

2.10 

4.90 

13.90 

change  score  sd  (imputed) 

change  score  sd  (imputed) 

31 

75 

28.90 

4.40 

12.10 

15.40 

change  score  sd  (imputed) 

change  score  sd  (imputed) 

31 

91.8 

26.50 

0.03 

13.00 

4.20 

65 

68.3 

10.80 

65 

25.6 

4.00 

65 

38.5 

4.40 

65 

38.6 

7.20 

change  score  sd  (imputed) 

65 

0.89 

0.11 

0.897 

0.01 

0.03 

0.79 

change  score  sd  (imputed) 

65 

0.77 

0.10 

0.77 

0.00 

0.03 

0.00 

change  score  sd  (imputed) 

65 

1.17 

0.13 

1.181 

0.01 

0.03 

0.94 

change  score  sd  (imputed) 

65 

1.13 

0.07 

1.134 

0.00 

0.01 

0.35 

59 

67.8 

11.40 

59 

25.5 

4.00 

59 

38.3 

4.10 

59 

38.5 

7.30 

change  score  sd  (imputed) 

59 

0.85 

0.10 

0.846 

0.00 

0.04 

-0.47 

change  score  sd  (imputed) 

59 

0.72 

0.10 

0.719 

0.00 

0.03 

-0.14 

change  score  sd  (imputed) 

59 

1.08 

0.15 

1.074 

-0.01 

0.03 

-0.56 

change  score  sd  (imputed) 

59 

1.09 

0.08 

1.086 

0.00 

0.01 

-0.37 

pre-post  sd 

5 

1.15 

0.12 

1.08 

0.15 

-0.07 

0.07 

-6.09 

pre-post  sd 

5 

70.5 

10.12 

69.3 

9.27 

-1.20 

4.41 

-1.70 
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pre-post  sd 

5 

42 

6.73 

45.1 

4.96 

3.10 

3.13 

7.38 

5 

40.89 

38.05 

-2.84 

-6.95 

pre-post  sd 

5 

23 

3.65 

22.7 

1.21 

-0.30 

2.61 

-1.30 

pre-post  sd 

5 

1036.9 

523.50 

1036.9 

523.50 

0.00 

234.12 

0.00 

pre-post  sd 

5 

1.15 

0.12 

1.08 

0.15 

-0.07 

0.07 

-6.09 

pre-post  sd 

5 

70.5 

10.12 

69.3 

9.27 

-1.20 

4.41 

-1.70 

pre-post  sd 

5 

42 

6.73 

45.1 

4.96 

3.10 

3.13 

7.38 

5 

40.89 

38.05 

-2.84 

-6.95 

pre-post  sd 

5 

23 

3.65 

22.7 

1.21 

-0.30 

2.61 

-1.30 

pre-post  sd 

5 

1036.9 

523.50 

1036.9 

523.50 

0.00 

234.12 

0.00 

45 

1.02 

0.12 

change  score  sd  (imputed) 

45 

0.86 

0.11 

0.60 

45 

0.91 

0.11 

45 

1.19 

0.11 

45 

1.03 

0.10 

45 

1.05 

0.09 

45 

0.59 

0.07 

change  score  sd  (imputed) 

45 

0.60 

0.07 

-0.70 

pre-post  sd 

45 

62 

7.00 

62 

7.00 

0.00 

3.13 

0.00 

pre-post  sd 

45 

22.9 

2.30 

22.9 

2.30 

0.00 

1.03 

0.00 

pre-post  sd 

45 

30.4 

4.30 

30.4 

4.30 

0.00 

1.92 

0.00 

45 

43.15 

43.15 

0.00 

0.00 

change  score  sd  (imputed) 

45 

37.6 

3.30 

37.6 

3.30 

0.00 

1.48 

0.00 

pre-post  sd 

45 

1102 

264.00 

1102 

264.00 

0.00 

118.06 

0.00 

other 

45 

56.3 

8.70 

other 

45 

39.2 

7.00 

other 

45 

137.5 

26.50 

other 

45 

17.2 

3.80 

other 

45 

437 

38.00 

other 

45 

407 

36.00 

other 

45 

6.6 

0.60 

27 

0.92 

0.16 

27 

0.82 

0.12 

27 

0.60 

0.10 

27 

0.36 

0.06 

27 

65 

8.00 

27 

25.1 

2.90 

27 

31.4 

5.40 

27 

44.59 

pre-post  sd 

27 

925 

236.00 

925 

236.00 

0.00 

105.54 

0.00 
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34 

57.8 

34 

42.8 

34 

126 

34 

17.4 

34 

1.74 

27 

0.92 

0.16 

27 

0.82 

0.12 

27 

0.60 

0.10 

27 

0.36 

0.06 

27 

65 

8.00 

27 

25.1 

2.90 

27 

31.4 

5.40 

pre-post  sd 

27 

925 

236.00 

925 

236.00 

0.00 

105.54 

0.00 

34 

57.8 

34 

42.8 

34 

126 

34 

17.4 

34 

1.74 

change  score  sd  (imputed) 

29 

0.85 

0.12 

-0.85 

-0.30 

29 

0.68 

0.10 

29 

1.01 

0.14 

change  score  sd  (imputed) 

29 

0.96 

0.15 

-0.96 

0.75 

change  score  sd  (imputed) 

29 

0.00 

-0.34 

1.45 

change  score  sd  (imputed) 

29 

23.89 

3.08 

24 

3.20 

0.08 

0.56 

0.33 

change  score  sd  (imputed) 

29 

1.47 

2.03 

change  score  sd  (imputed) 

29 

1.52 

3.51 

change  score  sd  (imputed) 

29 

1.41 

5.21 

change  score  sd  (imputed) 

29 

25.80 

50.00 

change  score  sd  (imputed) 

29 

28.20 

50.50 

pre-post  sd 

29 

45.4 

5.70 

46 

6.20 

0.60 

2.71 

1.32 

change  score  sd  (imputed) 

29 

0.85 

0.12 

-0.85 

-0.30 

29 

0.68 

0.10 

29 

1.01 

0.14 

change  score  sd  (imputed) 

29 

0.96 

0.15 

-0.96 

0.75 

change  score  sd  (imputed) 

29 

-0.34 

1.45 

change  score  sd  (imputed) 

29 

23.89 

3.08 

24 

3.20 

0.08 

0.56 

0.33 

change  score  sd  (imputed) 

29 

1.47 

2.03 

change  score  sd  (imputed) 

29 

1.52 

3.51 

change  score  sd  (imputed) 

29 

1.41 

5.21 

change  score  sd  (imputed) 

29 

25.80 

50.00 
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change  score  sd  (imputed) 

29 

28.20 

50.50 

pre-post  sd 

29 

45.4 

5.70 

46 

6.20 

0.60 

2.71 

1.32 

change  score  sd  (imputed) 

30 

0.7 

0.10 

-0.70 

-2.30 

30 

0.59 

0.08 

30 

0.85 

0.12 

change  score  sd  (imputed) 

30 

0.75 

0.09 

-0.75 

0.99 

change  score  sd  (imputed) 

30 

0.00 

0.00 

-0.19 

1.55 

change  score  sd  (imputed) 

30 

24.93 

3.02 

25.2 

3.10 

0.29 

0.73 

1.16 

change  score  sd  (imputed) 

30 

0.51 

1.45 

change  score  sd  (imputed) 

30 

2.26 

4.17 

change  score  sd  (imputed) 

30 

3.07 

4.78 

change  score  sd  (imputed) 

30 

60.60 

179.60 

change  score  sd  (imputed) 

30 

13.50 

35.30 

pre-post  sd 

30 

34.7 

3.50 

35 

3.40 

0.30 

1.55 

0.86 

change  score  sd  (imputed) 

30 

0.7 

0.10 

-0.70 

-2.30 

30 

0.59 

0.08 

30 

0.85 

0.12 

change  score  sd  (imputed) 

30 

0.75 

0.09 

-0.75 

0.99 

change  score  sd  (imputed) 

30 

-0.41 

1.56 

change  score  sd  (imputed) 

30 

24.93 

3.02 

25.2 

3.10 

0.29 

0.73 

1.16 

change  score  sd  (imputed) 

30 

0.51 

1.45 

change  score  sd  (imputed) 

30 

2.26 

4.17 

change  score  sd  (imputed) 

30 

3.07 

4.78 

change  score  sd  (imputed) 

30 

60.60 

179.60 

change  score  sd  (imputed) 

30 

13.50 

35.30 

pre-post  sd 

30 

34.7 

3.50 

35 

3.40 

0.30 

1.55 

0.86 

20 

45.8 

4.00 

20 

19.9 

2.10 

pre-post  sd 

change  score  sd  (imputed) 

20 

0.611 

0.05 

0.616 

0.04 

0.01 

0.02 

0.96 

pre-post  sd 

9 

0.78 

0.09 

0.74 

0.13 

-0.04 

0.06 

-5.13 

pre-post  sd 

9 

1.15 

0.29 

1.14 

0.32 

-0.01 

0.14 

-0.87 

pre-post  sd 

9 

2.24 

0.49 

2.31 

0.34 

0.07 

0.24 

3.12 

pre-post  sd 

9 

26.4 

2.66 

28.15 

3.89 

1.75 

1.89 

6.63 

pre-post  sd 

9 

84.2 

17.70 

84.8 

16.70 

0.60 

7.75 

0.71 

123 

69.5 

12.00 

123 

37.4 

5.60 

123 

816 

356.00 

123 

22.9 

4.20 

change  score  sd  (imputed) 

confidence  interval 

112 

0.927 

0.15 

0.93 

0.15 

0.00 

0.03 

0.33 

change  score  sd  (imputed) 

confidence  interval 

112 

0.703 

0.11 

0.696 

0.11 

-0.01 

0.02 

-1.05 
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pre-post  sd 

112 

0.41 

0.74 

1.66 

1.79 

1.25 

1.17 

304.88 

28 

69.4 

11.40 

28 

0.98 

0.10 

28 

38.1 

7.70 

28 

41.5 

5.70 

change  score  sd  (imputed) 

23 

0.64 

0.11 

-0.64 

-0.60 

change  score  sd  (imputed) 

23 

0.99 

0.15 

-0.99 

-0.10 

change  score  sd  (imputed) 

23 

0.72 

0.10 

-0.72 

-0.40 

change  score  sd  (imputed) 

23 

0.56 

0.12 

-0.56 

0.80 

change  score  sd  (imputed) 

25 

0.37 

0.05 

-0.37 

-1.40 

change  score  sd  (imputed) 

25 

0.5 

0.06 

-0.50 

-0.70 

change  score  sd  (imputed) 

25 

0.59 

0.07 

-0.59 

-0.20 

pre-post  sd 

change  score  sd  (imputed) 

pre-post  sd 

change  score  sd  (imputed) 

pre-post  sd 

change  score  sd  (imputed) 

pre-post  sd 

change  score  sd  (imputed) 

pre-post  sd 

change  score  sd  (imputed) 

pre-post  sd 

change  score  sd  (imputed) 

pre-post  sd 

change  score  sd  (imputed) 

pre-post  sd 

change  score  sd  (imputed) 

pre-post  sd 

change  score  sd  (imputed) 

pre-post  sd 

change  score  sd  (imputed) 

28 

70.8 

10.00 

28 

1 

0.12 

28 

40.4 

7.10 

28 

40.5 

4.00 

change  score  sd  (imputed) 

19 

0.65 

0.10 

-0.65 

1.20 

change  score  sd  (imputed) 

19 

1.02 

0.15 

-1.02 

0.50 

change  score  sd  (imputed) 

19 

0.75 

0.11 

-0.75 

-1.00 

change  score  sd  (imputed) 

19 

0.6 

0.15 

-0.60 

0.90 

change  score  sd  (imputed) 

21 

0.36 

0.06 

-0.36 

-0.30 

change  score  sd  (imputed) 

21 

0.52 

0.07 

-0.52 

-1.00 

change  score  sd  (imputed) 

21 

0.61 

0.08 

-0.61 

-0.60 

pre-post  sd 

change  score  sd  (imputed) 

pre-post  sd 

change  score  sd  (imputed) 

pre-post  sd 

change  score  sd  (imputed) 

pre-post  sd 

change  score  sd  (imputed) 

pre-post  sd 

change  score  sd  (imputed) 

pre-post  sd 

change  score  sd  (imputed) 

pre-post  sd 

change  score  sd  (imputed) 
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pre-post  sd 

change  score  sd  (imputed) 

pre-post  sd 

change  score  sd  (imputed) 

pre-post  sd 

change  score  sd  (imputed) 

42 

69.3 

14.60 

42 

41 

8.00 

42 

39 

4.90 

change  score  sd  (imputed) 

36 

0.94 

0.16 

-0.94 

-0.01 

change  score  sd  (imputed) 

36 

0.89 

0.15 

-0.89 

-0.57 

change  score  sd  (imputed) 

36 

0.7 

0.10 

-0.70 

-0.01 

change  score  sd  (imputed) 

36 

1.05 

0.15 

-1.05 

-1.18 

change  score  sd  (imputed) 

36 

0.76 

0.11 

-0.76 

-0.11 

change  score  sd  (imputed) 

36 

0.36 

0.06 

-0.36 

-0.55 

change  score  sd  (imputed) 

36 

0.53 

0.07 

-0.53 

-0.47 

change  score  sd  (imputed) 

36 

0.61 

0.08 

-0.61 

0.05 

change  score  sd  (imputed) 

36 

0.00 

0.00 

-0.71 

42 

69.3 

14.60 

42 

41 

8.00 

42 

39 

4.90 

change  score  sd  (imputed) 

36 

0.94 

0.16 

-0.94 

-0.01 

change  score  sd  (imputed) 

36 

0.89 

0.15 

-0.89 

-0.57 

change  score  sd  (imputed) 

36 

0.7 

0.10 

-0.70 

-0.01 

change  score  sd  (imputed) 

36 

1.05 

0.15 

-1.05 

-1.18 

change  score  sd  (imputed) 

36 

0.76 

0.11 

-0.76 

-0.11 

change  score  sd  (imputed) 

36 

0.36 

0.06 

-0.36 

-0.55 

change  score  sd  (imputed) 

36 

0.53 

0.07 

-0.53 

-0.47 

change  score  sd  (imputed) 

36 

0.61 

0.08 

-0.61 

0.05 

36 

0.00 

0.00 

-0.71 

45 

84.1 

9.80 

45 

27.7 

3.30 

45 

1039 

455.00 

45 

1.4 

3.00 

pre-post  sd 

change  score  sd  (imputed) 

43 

1.206 

0.15 

1.221 

0.15 

0.02 

0.07 

1.18 

pre-post  sd 

change  score  sd  (imputed) 

43 

0.919 

0.08 

0.908 

0.07 

-0.01 

0.03 

-0.87 

pre-post  sd 

change  score  sd  (imputed) 

43 

1.004 

0.09 

1.004 

0.08 

0.00 

0.04 

0.23 

44 

81.9 

10.70 

44 

26.7 

2.90 

44 

996 

293.00 

44 

0.7 

1.00 

pre-post  sd 

change  score  sd  (imputed) 

42 

1.238 

0.17 

1.235 

0.17 

0.00 

0.08 

-0.08 

pre-post  sd 

change  score  sd  (imputed) 

42 

0.933 

0.08 

0.923 

0.08 

-0.01 

0.04 

-0.68 
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pre-post  sd 

change  score  sd  (imputed) 

42 

1.01 

0.12 

1.007 

0.11 

0.00 

0.05 

0.15 

20 

58.2 

6.70 

20 

23 

3.80 

20 

33.3 

11.70 

confidence  interval 

20 

0.521 

0.02 

0.09 

-0.52 

0.30 

confidence  interval 

20 

0.471 

0.12 

0.54 

-0.47 

-0.30 

confidence  interval 

20 

1.1 

0.02 

0.09 

-1.10 

0.20 

confidence  interval 

20 

0.953 

0.01 

0.04 

-0.95 

-0.10 

confidence  interval 

20 

0.852 

0.01 

0.04 

-0.85 

-0.90 

confidence  interval 

20 

0.696 

0.01 

0.04 

-0.70 

0.80 

confidence  interval 

20 

0.838 

0.01 

0.04 

-0.84 

-0.70 

confidence  interval 

20 

0.986 

0.02 

0.09 

-0.99 

1.40 

confidence  interval 

20 

32 

0.8 

3.58 

-32.00 

1.30 

confidence  interval 

20 

39.4 

0.7 

3.13 

-39.40 

-0.20 

confidence  interval 

20 

913 

136 

608.21 

-913.00 

-3.10 

confidence  interval 

20 

88 

4.3 

19.23 

-88.00 

17.00 

20 

58.2 

6.70 

20 

23 

3.80 

20 

33.3 

11.70 

confidence  interval 

20 

0.521 

0.02 

0.09 

-0.52 

0.30 

confidence  interval 

20 

0.471 

0.12 

0.54 

-0.47 

-0.30 

confidence  interval 

20 

1.1 

0.02 

0.09 

-1.10 

0.20 

confidence  interval 

20 

0.953 

0.01 

0.04 

-0.95 

-0.10 

confidence  interval 

20 

0.852 

0.01 

0.04 

-0.85 

-0.90 

confidence  interval 

20 

0.696 

0.01 

0.04 

-0.70 

0.80 

confidence  interval 

20 

0.838 

0.01 

0.04 

-0.84 

-0.70 

confidence  interval 

20 

0.986 

0.02 

0.09 

-0.99 

1.40 

confidence  interval 

20 

32 

0.8 

3.58 

-32.00 

1.30 

confidence  interval 

20 

39.4 

0.7 

3.13 

-39.40 

-0.20 

confidence  interval 

20 

913 

136 

608.21 

-913.00 

-3.10 

confidence  interval 

20 

88 

4.3 

19.23 

-88.00 

17.00 

change  score  sd  (imputed) 

32 

65.2 

12.60 

64.2 

-1.00 

2.00 

-1.53 

change  score  sd  (imputed) 

32 

39.7 

5.40 

40 

0.30 

1.00 

0.76 

change  score  sd  (imputed) 

32 

24.5 

8.40 

24.1 

-0.40 

1.40 

-1.63 

confidence  interval 

31 

0.69 

0.12 

0.693 

0.00 

0.02 

-0 

0.01 

0.43 

confidence  interval 

31 

0.59 

0.10 

0.589 

0.00 

0.02 

-0.01 

0.006 

-0.17 

confidence  interval 

31 

0.52 

0.09 

0.522 

0.00 

0.04 

-0.01 

0.015 

0.38 

confidence  interval 

30 

219.93 

47.18 

217.15 

-2.78 

6.40 

-5.17 

-0.39 

-1.26 

confidence  interval 

30 

205.46 

40.74 

203.62 

-1.84 

6.48 

-4.26 

0.58 

-0.90 

confidence  interval 

30 

1067.2 

42.39 

1062.25 

-4.99 

15.02 

-10.6 

0.62 

-0.47 
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confidence  interval 

30 

1361.4 

310.47 

1339.45 

-21.95 

58.52 

-43.8 

-0.1 

-1.61 

confidence  interval 

28 

161.79 

29.15 

161.55 

-0.24 

3.52 

-1.6 

1.13 

-0.15 

confidence  interval 

28 

586.41 

147.56 

589.22 

2.81 

17.86 

-4.11 

9.74 

0.48 

confidence  interval 

28 

287.14 

72.66 

284.21 

-2.93 

12.40 

-7.74 

1.88 

-1.02 

confidence  interval 

23 

55.66 

13.47 

54.99 

-0.67 

3.65 

-2.25 

0.91 

-1.20 

confidence  interval 

23 

50.62 

10.43 

50.16 

-0.46 

2.97 

-1.74 

0.83 

-0.91 

confidence  interval 

23 

1092.1 

0.00 

1088.56 

-3.54 

28.76 

-16 

8.89 

-0.32 

confidence  interval 

23 

0.00 

-1.00 

14.13 

-7.11 

5.11 

confidence  interval 

28 

51.56 

15.69 

53.41 

1.85 

9.34 

-1.77 

5.47 

3.59 

confidence  interval 

28 

112.13 

39.98 

119.31 

7.18 

33.01 

-5.62 

19.98 

6.40 

confidence  interval 

28 

481.82 

108.02 

473.07 

-8.75 

86.81 

-42.4 

24.91 

-1.82 

change  score  sd  (imputed) 

32 

65.2 

12.60 

64.2 

-1.00 

2.00 

-1.53 

change  score  sd  (imputed) 

32 

39.7 

5.40 

40 

0.30 

1.00 

0.76 

change  score  sd  (imputed) 

32 

24.5 

8.40 

24.1 

-0.40 

1.40 

-1.63 

confidence  interval 

31 

0.69 

0.12 

0.693 

0.00 

0.02 

-0 

0.01 

0.43 

confidence  interval 

31 

0.59 

0.10 

0.589 

0.00 

0.02 

-0.01 

0.006 

-0.17 

confidence  interval 

31 

0.52 

0.09 

0.522 

0.00 

0.04 

-0.01 

0.015 

0.38 

confidence  interval 

30 

219.93 

47.18 

217.15 

-2.78 

6.40 

-5.17 

-0.39 

-1.26 

confidence  interval 

30 

205.46 

40.74 

203.62 

-1.84 

6.48 

-4.26 

0.58 

-0.90 

confidence  interval 

30 

1067.2 

42.39 

1062.25 

-4.99 

15.02 

-10.6 

0.62 

-0.47 

confidence  interval 

30 

1361.4 

310.47 

1339.45 

-21.95 

58.52 

-43.8 

-0.1 

-1.61 

confidence  interval 

28 

161.79 

29.15 

161.55 

-0.24 

3.52 

-1.6 

1.13 

-0.15 

confidence  interval 

28 

586.41 

147.56 

589.22 

2.81 

17.86 

-4.11 

9.74 

0.48 

confidence  interval 

28 

287.14 

72.66 

284.21 

-2.93 

12.40 

-7.74 

1.88 

-1.02 

confidence  interval 

23 

55.66 

13.47 

54.99 

-0.67 

3.65 

-2.25 

0.91 

-1.20 

confidence  interval 

23 

50.62 

10.43 

50.16 

-0.46 

2.97 

-1.74 

0.83 

-0.91 

confidence  interval 

23 

1092.1 

0.00 

1088.56 

-3.54 

28.76 

-16 

8.89 

-0.32 

confidence  interval 

23 

0.00 

-1.00 

14.13 

-7.11 

5.11 

confidence  interval 

28 

51.56 

15.69 

53.41 

1.85 

9.34 

-1.77 

5.47 

3.59 

confidence  interval 

28 

112.13 

39.98 

119.31 

7.18 

33.01 

-5.62 

19.98 

6.40 

confidence  interval 

28 

481.82 

108.02 

473.07 

-8.75 

86.81 

-42.4 

24.91 

-1.82 

pre-post  sd 

34 

1.15 

0.07 

1.14 

0.07 

-0.01 

0.03 

-0.96 

pre-post  sd 

34 

1.23 

0.11 

1.22 

0.11 

-0.01 

0.05 

-0.49 

pre-post  sd 

34 

0.96 

0.13 

0.93 

0.13 

-0.02 

0.06 

-2.30 

pre-post  sd 

34 

0.77 

0.10 

0.76 

0.11 

0.00 

0.05 

-0.39 

pre-post  sd 

34 

0.90 

0.16 

0.89 

0.17 

-0.01 

0.07 

-0.89 

pre-post  sd 

34 

0.71 

0.06 

0.72 

0.06 

0.01 

0.03 

1.27 

34 

62.9 

10.20 

34 

22.88 

34 

32.2 

7.00 
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34 

42.65 

24 

636.9 

280.90 

24 

2 

1.90 

pre-post  sd 

24 

28.1 

3.50 

27.3 

2.00 

-0.80 

1.91 

-2.85 

pre-post  sd 

24 

39.4 

5.00 

38.2 

3.20 

-1.20 

2.54 

-3.05 

pre-post  sd 

24 

38.4 

4.60 

37.8 

3.70 

-0.60 

2.05 

-1.56 

pre-post  sd 

24 

6 

0.80 

6.3 

1.20 

0.30 

0.59 

5.00 

pre-post  sd 

24 

26.9 

16.20 

22.3 

13.60 

-4.60 

7.13 

-17.10 

pre-post  sd 

24 

81.3 

18.60 

79.1 

19.30 

-2.20 

8.50 

-2.71 

pre-post  sd 

24 

50.6 

15.00 

49.9 

11.10 

-0.70 

6.96 

-1.38 

pre-post  sd 

24 

134.4 

27.30 

129.6 

28.60 

-4.80 

12.56 

-3.57 

pre-post  sd 

24 

68.6 

20.00 

66.6 

20.20 

-2.00 

8.99 

-2.92 

pre-post  sd 

24 

0.678 

0.06 

0.676 

0.07 

0.00 

0.03 

-0.29 

pre-post  sd 

24 

0.628 

0.04 

0.621 

0.05 

-0.01 

0.02 

-1.11 

pre-post  sd 

24 

0.99 

0.09 

0.98 

0.11 

-0.01 

0.05 

-1.01 

pre-post  sd 

24 

0.831 

0.07 

0.824 

0.08 

-0.01 

0.04 

-0.84 

24 

636.9 

280.90 

24 

2 

1.90 

pre-post  sd 

24 

28.1 

3.50 

27.3 

2.00 

-0.80 

1.91 

-2.85 

pre-post  sd 

24 

39.4 

5.00 

38.2 

3.20 

-1.20 

2.54 

-3.05 

pre-post  sd 

24 

38.4 

4.60 

37.8 

3.70 

-0.60 

2.05 

-1.56 

pre-post  sd 

24 

6 

0.80 

6.3 

1.20 

0.30 

0.59 

5.00 

pre-post  sd 

24 

26.9 

16.20 

22.3 

13.60 

-4.60 

7.13 

-17.10 

pre-post  sd 

24 

81.3 

18.60 

79.1 

19.30 

-2.20 

8.50 

-2.71 

pre-post  sd 

24 

50.6 

15.00 

49.9 

11.10 

-0.70 

6.96 

-1.38 

pre-post  sd 

24 

134.4 

27.30 

129.6 

28.60 

-4.80 

12.56 

-3.57 

pre-post  sd 

24 

68.6 

20.00 

66.6 

20.20 

-2.00 

8.99 

-2.92 

pre-post  sd 

24 

0.678 

0.06 

0.676 

0.07 

0.00 

0.03 

-0.29 

pre-post  sd 

24 

0.628 

0.04 

0.621 

0.05 

-0.01 

0.02 

-1.11 

pre-post  sd 

24 

0.99 

0.09 

0.98 

0.11 

-0.01 

0.05 

-1.01 

pre-post  sd 

24 

0.831 

0.07 

0.824 

0.08 

-0.01 

0.04 

-0.84 

30 

625.7 

265.60 

30 

1.9 

2.00 

pre-post  sd 

30 

28.2 

3.70 

27.7 

2.50 

-0.50 

1.81 

-1.77 

pre-post  sd 

30 

37.7 

4.40 

37.9 

3.10 

0.20 

2.10 

0.53 

pre-post  sd 

30 

40.6 

5.30 

40.6 

4.00 

0.00 

2.44 

0.00 

pre-post  sd 

30 

515 

68.40 

535.5 

67.30 

20.50 

30.36 

3.98 

pre-post  sd 

30 

24.8 

3.90 

25.4 

1.30 

0.60 

2.79 

2.42 

pre-post  sd 

30 

6.3 

1.20 

5.9 

0.90 

-0.40 

0.55 

-6.35 

pre-post  sd 

30 

33.5 

14.60 

31.2 

12.30 

-2.30 

6.42 

-6.87 
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pre-post  sd 

30 

15.5 

3.60 

17.7 

5.00 

2.20 

2.36 

14.19 

pre-post  sd 

30 

81.1 

26.00 

92 

19.40 

10.90 

12.02 

13.44 

pre-post  sd 

30 

80.3 

19.50 

84.6 

19.70 

4.30 

8.77 

5.35 

pre-post  sd 

30 

50.2 

16.10 

53 

9.50 

2.80 

8.61 

5.58 

pre-post  sd 

30 

51.5 

14.90 

51.1 

10.70 

-0.40 

7.04 

-0.78 

pre-post  sd 

30 

142.7 

42.70 

140.7 

33.80 

-2.00 

19.18 

-1.40 

pre-post  sd 

30 

134.1 

31.90 

132.9 

31.90 

-1.20 

14.27 

-0.89 

pre-post  sd 

30 

69.9 

21.90 

77.8 

25.80 

7.90 

11.32 

11.30 

pre-post  sd 

30 

71.7 

20.60 

73.9 

19.30 

2.20 

9.01 

3.07 

pre-post  sd 

30 

0.678 

0.06 

0.671 

0.05 

-0.01 

0.03 

-1.03 

pre-post  sd 

30 

0.625 

0.05 

0.628 

0.03 

0.00 

0.02 

0.48 

pre-post  sd 

30 

0.981 

0.11 

0.977 

0.08 

0.00 

0.05 

-0.41 

pre-post  sd 

30 

0.822 

0.07 

0.823 

0.06 

0.00 

0.03 

0.12 

pre-post  sd 

30 

0.868 

0.08 

0.863 

0.07 

-0.01 

0.04 

-0.58 

pre-post  sd 

change  score  sd  (imputed) 

19 

1.11 

0.18 

1.10 

0.16 

-0.01 

0.08 

-0.61 

pre-post  sd 

19 

72.9 

15.50 

74.6 

18.00 

1.70 

7.88 

2.33 

pre-post  sd 

19 

27.74 

28.39 

0.65 

2.34 

pre-post  sd 

19 

23.1 

4.40 

21.2 

4.40 

-1.90 

1.97 

-8.23 

pre-post  sd 

change  score  sd  (imputed) 

19 

1.11 

0.18 

1.10 

0.16 

-0.01 

0.08 

-0.61 

pre-post  sd 

19 

72.9 

15.50 

74.6 

18.00 

1.70 

7.88 

2.33 

pre-post  sd 

19 

27.74 

28.39 

0.65 

2.34 

pre-post  sd 

19 

23.1 

4.40 

21.2 

4.40 

-1.90 

1.97 

-8.23 

change  score  sd  (imputed) 

change  score  sd  (imputed) 

19 

0.83 

0.11 

0.81 

-0.02 

0.04 

-2.50 

change  score  sd  (imputed) 

change  score  sd  (imputed) 

19 

0.99 

0.15 

0.97 

-0.02 

0.04 

-1.80 

19 

62.2 

8.90 

19 

23.1 

2.20 

pre-post  sd 

19 

707 

278.00 

908 

247.00 

201.00 

121.22 

28.43 

pre-post  sd 

19 

80.5 

12.50 

84.8 

11.70 

4.30 

5.47 

3.50 

pre-post  sd 

19 

24.5 

8.20 

25.8 

8.50 

1.30 

3.75 

14.00 

pre-post  sd 

19 

19.4 

4.60 

22.2 

4.90 

2.80 

2.14 

19.20 

pre-post  sd 

19 

28.2 

6.40 

25.8 

8.30 

-2.40 

3.77 

-8.60 

pre-post  sd 

19 

15.8 

3.90 

15.3 

5.60 

-0.50 

2.69 

-3.20 

pre-post  sd 

19 

24.1 

8.10 

25.8 

8.90 

1.70 

3.88 

8.50 

pre-post  sd 

19 

7186 

1180.00 

5393 

697.00 

-1793.00 

630.70 

-24.95 

26 

68.1 

10.50 

26 

26.1 

3.90 

pre-post  sd 

26 

0.79 

0.02 

0.10 

0.78 

0.02 

0.10 

-0.01 

0.05 

-1.27 

pre-post  sd 

26 

0.92 

0.02 

0.10 

0.92 

0.02 

0.10 

0.00 

0.05 

0.00 

pre-post  sd 

26 

1.03 

0.02 

0.10 

1.04 

0.02 

0.10 

0.01 

0.05 

0.97 

change  score  sd  (imputed) 

35 

880.00 

116.00 

878.01 

-1.99 

-0.23 
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change  score  sd  (imputed) 

35 

841.00 

101.00 

841.50 

0.50 

0.06 

change  score  sd  (imputed) 

35 

667.00 

90.00 

657.99 

-9.01 

-1.35 

change  score  sd  (imputed) 

35 

634.00 

77.00 

637.17 

3.17 

0.50 

change  score  sd  (imputed) 

35 

982.00 

122.00 

983.67 

1.67 

0.17 

change  score  sd  (imputed) 

35 

701.00 

92.00 

699.74 

-1.26 

-0.18 

change  score  sd  (imputed) 

35 

653.00 

92.00 

643.07 

-9.93 

-1.52 

change  score  sd  (imputed) 

35 

636.00 

107.00 

646.49 

10.49 

-1.65 

pre-post  sd 

18 

61.7 

12.90 

60.7 

13.20 

-1.00 

5.84 

-1.62 

pre-post  sd 

18 

0.78 

0.09 

0.73 

0.10 

-0.05 

0.04 

-6.41 

pre-post  sd 

18 

0.63 

0.10 

0.59 

0.12 

-0.04 

0.05 

-6.35 

pre-post  sd 

18 

0.69 

0.12 

0.67 

0.11 

-0.02 

0.05 

-2.90 

pre-post  sd 

18 

1.01 

0.17 

1.01 

0.17 

0.00 

0.08 

0.00 

pre-post  sd 

18 

24.3 

4.20 

24.4 

3.80 

0.10 

1.83 

0.41 

pre-post  sd 

18 

13.6 

2.20 

13.8 

2.60 

0.20 

1.14 

1.47 

pre-post  sd 

18 

98.6 

9.50 

99.2 

8.60 

0.60 

4.14 

0.61 

pre-post  sd 

18 

4.2 

1.00 

4.1 

0.90 

-0.10 

0.44 

-2.38 

pre-post  sd 

18 

23 

4.80 

22 

4.40 

-1.00 

2.09 

-4.35 

pre-post  sd 

18 

28.5 

4.20 

28 

4.00 

-0.50 

1.84 

-1.75 

27 

37.3 

4.70 

change  score  sd  (imputed) 

27 

16.3 

3.80 

15.4 

-0.90 

1.50 

-5.52 

change  score  sd  (imputed) 

27 

101 

16.30 

100.9 

-0.10 

3.50 

-0.10 

change  score  sd  (imputed) 

27 

57.3 

11.50 

56.5 

-0.80 

2.50 

-1.40 

change  score  sd  (imputed) 

27 

43.8 

9.90 

45 

1.20 

5.10 

2.74 

change  score  sd  (imputed) 

27 

0.962 

0.13 

0.955 

-0.01 

0.02 

-0.73 

change  score  sd  (imputed) 

27 

505 

143.00 

499 

-6.00 

101.00 

-1.19 

change  score  sd  (imputed) 

27 

11.6 

3.30 

11.6 

60.28 

0.00 

1.00 

0.00 

change  score  sd  (imputed) 

27 

10.7 

10.60 

8.4 

-2.30 

9.40 

-21.50 

change  score  sd  (imputed) 

27 

1.207 

0.18 

1.208 

0.00 

0.04 

0.08 

change  score  sd  (imputed) 

27 

1.096 

0.15 

1.099 

0.00 

0.03 

0.27 

47 

70 

14.00 

47 

15 

3.00 

pre-post  sd 

47 

0.79 

0.17 

0.75 

0.15 

-0.04 

0.07 

-5.06 

pre-post  sd 

47 

0.59 

0.14 

0.58 

0.12 

-0.01 

0.06 

-1.69 

pre-post  sd 

47 

0.66 

0.13 

0.63 

0.11 

-0.03 

0.06 

-4.55 

pre-post  sd 

47 

1.01 

0.24 

0.97 

0.23 

-0.04 

0.11 

-3.96 

pre-post  sd 

47 

1.08 

0.16 

1.03 

0.17 

-0.05 

0.07 

-4.63 

pre-post  sd 

47 

783 

223.00 

1254 

330.00 

471.00 

161.76 

60.15 

pre-post  sd 

47 

130 

86.00 

610 

111.00 

480.00 

50.34 

369.23 

change  score  sent 

76 

88 

2 

17.44 

85.20 

-2.80 

10.46 

1.2 

-3.18 

change  score  sem 

76 

290 

6.3 

54.92 

299.30 

9.30 

63.64 

7.3 

3.21 
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change  score  sem 

76 

81.4 

1.2 

10.46 

82.70 

1.30 

5.23 

0.6 

1.60 

change  score  sem 

76 

34.3 

0.8 

6.97 

34.80 

0.50 

4.36 

0.5 

1.46 

change  score  sem 

76 

42.3 

0.6 

5.23 

43.20 

0.90 

1.74 

0.2 

2.13 

pre-post  sd 

76 

0.87 

0.01 

0.09 

0.87 

0.01 

0.09 

0.00 

0.04 

0.00 

pre-post  sd 

76 

1.09 

0.01 

0.09 

1.09 

0.01 

0.09 

0.00 

0.04 

0.00 

pre-post  sd 

76 

1.1 

0.01 

0.09 

1.1 

0.01 

0.09 

0.00 

0.04 

0.00 

pre-post  sd 

76 

1.3 

0.02 

0.17 

1.29 

0.02 

0.17 

-0.01 

0.08 

-0.77 

39 

change  score  sem 

27 

27 

change  score  sem 

27 

1.27 

0.13 

-1.27 

2.22 

change  score  sem 

27 

0.7 

0.06 

-0.70 

0.80 

change  score  sem 

27 

1.03 

0.13 

-1.03 

0.21 

change  score  sem 

27 

0.8 

0.12 

-0.80 

0.69 

change  score  sem 

27 

1 

0.13 

-1.00 

-0.80 

27 

64.95 

9.79 

27 

1020 

479.91 

16 

63.4 

13.60 

change  score  sd  (imputed) 

10 

1.004 

0.14 

0.986 

0.14 

-0.02 

0.04 

-1.89 

change  score  sd  (imputed) 

10 

0.755 

0.06 

0.745 

0.07 

-0.01 

0.04 

-1.46 

pre-post  sd 

33 

51.4 

7.10 

51 

7.30 

-0.40 

3.23 

-0.78 

pre-post  sd 

33 

20.9 

2.20 

20.8 

2.30 

-0.10 

1.01 

-0.48 

pre-post  sd 

33 

671.5 

190.90 

625.4 

190.00 

-46.10 

85.18 

-6.87 

pre-post  sd 

change  score  sd  (imputed) 

33 

9.2 

5.90 

7 

3.90 

-2.20 

2.93 

-23.91 

pre-post  sd 

change  score  sd  (imputed) 

33 

1.002 

0.10 

0.994 

0.09 

-0.01 

0.04 

-0.74 

pre-post  sd 

change  score  sd  (imputed) 

33 

36.9 

3.70 

37.2 

3.90 

0.30 

1.71 

0.77 

pre-post  sd 

change  score  sd  (imputed) 

33 

15.1 

4.50 

15 

4.50 

-0.10 

2.01 

0.17 

pre-post  sd 

change  score  sd  (imputed) 

33 

0.907 

0.13 

0.904 

0.13 

0.00 

0.06 

-0.27 

pre-post  sd 

change  score  sd  (imputed) 

33 

0.787 

0.13 

0.781 

0.12 

-0.01 

0.06 

-0.66 

pre-post  sd 

change  score  sd  (imputed) 

33 

0.676 

0.11 

0.672 

0.10 

0.00 

0.05 

-0.25 

pre-post  sd 

change  score  sd  (imputed) 

33 

0.599 

0.12 

0.594 

0.12 

-0.01 

0.05 

-0.69 

change  score  sd  (imputed) 

9 

89.635 

14.70 

90.99569 

12.66 

1.36 

5.85 

1.52 

change  score  sd  (imputed) 

9 

29 

5.10 

29.5 

4.30 

0.50 

2.10 

1.72 

change  score  sd  (imputed) 

9 

1.2296 

0.22 

1.2396 

0.29 

0.01 

0.08 

0.81 

change  score  sd  (imputed) 

9 

1.0622 

0.17 

1 .0722 

0.15 

0.01 

0.05 

0.94 

change  score  sd  (imputed) 

9 

0.9273 

0.33 

1.0148 

0.12 

0.09 

0.25 

9.43 
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p sd c 

p se c 

p lci c 

p uci c 

met sd c 

p met sd c 

sd pooled 

te 

te se 

te var 

tejci 

te uci  jj sd poolet 

1.76 

-1.20 

0.50 

confidence  interval 

1.82 

2.90 

-1.30 

1.50 

confidence  interval 

2.99 

2.18 

-1.70 

0.40 

confidence  interval 

2.17 

2.90 

-1.20 

1.60 

confidence  interval 

2.99 

confidence  interval 

4.16 

1.40 

1.41 

1.99 

1.76 

-1.20 

0.50 

confidence  interval 

1.79 

2.90 

-1.30 

1.50 

confidence  interval 

2.93 

2.18 

-1.70 

0.40 

confidence  interval 

2.10 

2.90 

-1.20 

1.60 

confidence  interval 

2.90 

confidence  interval 

4.48 

1.50 

1.61 

2.60 

1.76 

-1.20 

0.50 

confidence  interval 

1.82 

2.90 

-1.30 

1.50 

confidence  interval 

2.95 

2.18 

-1.70 

0.40 

confidence  interval 

2.13 

2.90 

-1.20 

1.60 

confidence  interval 

2.95 

confidence  interval 

4.23 

1.50 

1.43 

2.06 

change  score  sd  (imputed) 

0.02 

0.00 

0.00 

0.00 

change  score  sd  (imputed) 

0.03 

0.02 

0.01 

0.00 

change  score  sd  (imputed) 

0.04 

0.02 

0.01 

0.00 

pre-post  sd 

2.68 

0.00 

0.73 

0.53 

pre-post  sd 

1.27 

0.00 

0.34 

0.12 

change  score  sem 

22.18 

4.30 

6.01 

36.07 

change  score  sem 

3.82 

1.30 

1.03 

1.07 

change  score  sd  (imputed) 

0.03 

0.00 

0.01 

0.00 

change  score  sd  (imputed) 

0.03 

-0.01 

0.01 

0.00 

change  score  sd  (imputed) 

0.02 

0.00 

0.01 

0.00 

pre-post  sd 

3.36 

0.00 

0.78 

0.60 

pre-post  sd 

1.16 

0.00 

0.27 

0.07 

pre-post  sd 

129.06 

0.00 

29.84 

890.68 

change  score  sd  (imputed) 

0.03 

0.00 

0.01 

0.00 

change  score  sd  (imputed) 

0.03 

0.00 

0.01 

0.00 

change  score  sd  (imputed) 

0.03 

0.00 

0.01 

0.00 

pre-post  sd 

3.32 

0.00 

0.98 

0.96 

pre-post  sd 

1.02 

0.00 

0.30 

0.09 
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pre-post  sd 

147.48 

0.00 

43.53 

1894.99 

change  score  sem 

5.98 

4.00 

1.77 

3.12 

pre-post  sd 

2.24 

-2.60 

0.47 

0.22 

pre-post  sd 

0.04 

0.00 

0.01 

0.00 

pre-post  sd 

0.04 

0.01 

0.01 

0.00 

pre-post  sd 

0.03 

0.01 

0.01 

0.00 

pre-post  sd 

0.04 

-0.01 

0.01 

0.00 

pre-post  sd 

2.24 

-2.60 

0.43 

0.18 

pre-post  sd 

0.04 

0.00 

0.01 

0.00 

pre-post  sd 

0.05 

0.00 

0.01 

0.00 

pre-post  sd 

0.03 

0.00 

0.01 

0.00 

pre-post  sd 

0.04 

0.00 

0.01 

0.00 

change  score  sem 

0.04 

0.02 

0.01 

0.00 

pre-post  sd 

0.06 

0.00 

0.02 

0.00 

0.63 

0.20 

pre-post  sd 

change  score  sem 

0.00 

0.01 

0.00 

0.00 

0.42 

0.35 

0.11 

pre-post  sd 

change  score  sem 

0.00 

0.01 

0.00 

0.00 

0.35 

pre-post  sd 

16.61 

25.00 

6.78 

46.00 

pre-post  sd 

11.35 

16.00 

4.63 

21.48 

pre-post  sd 

45.76 

-5.00 

18.68 

349.00 

pre-post  sd 

32.44 

-4.00 

13.24 

175.40 

pre-post  sd 

34.19 

-5.00 

13.96 

194.80 

pre-post  sd 

2.60 

-1.80 

1.23 

1.50 

pre-post  sd 

1.79 

-2.20 

0.84 

0.71 

change  score  sd  (imputed) 

1.39 

4.41 

0.65 

0.43 

change  score  sd  (imputed) 

46.31 

100.11 

21.83 

476.68 

change  score  sd  (imputed) 

0.45 

1.93 

0.21 

0.04 

change  score  sd  (imputed) 

4.05 

17.82 

1.91 

3.64 

change  score  sd  (imputed) 

8.59 

35.00 

4.05 

16.40 

change  score  sd  (imputed) 

0.01 

-0.01 

0.01 

0.00 

change  score  sd  (imputed) 

0.02 

0.00 

0.01 

0.00 

change  score  sd  (imputed) 

0.01 

0.00 

0.01 

0.00 

change  score  sd  (imputed) 

0.03 

0.01 

0.02 

0.00 

change  score  sd  (imputed) 

0.03 

0.00 

0.01 

0.00 

pre-post  sd 

3.31 

-2.60 

1.52 

2.31 

pre-post  sd 

2.34 

-1.90 

1.07 

1.15 

change  score  sd  (imputed) 

2.18 

3.59 

1.00 

1.01 

change  score  sd  (imputed) 

50.29 

84.67 

23.11 

533.86 
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change  score  sd  (imputed) 

0.54 

1.60 

0.25 

0.06 

change  score  sd  (imputed) 

4.93 

17.98 

2.26 

5.13 

change  score  sd  (imputed) 

9.67 

19.78 

4.44 

19.75 

change  score  sd  (imputed) 

0.02 

-0.02 

0.01 

0.00 

change  score  sd  (imputed) 

0.02 

-0.01 

0.01 

0.00 

change  score  sd  (imputed) 

0.01 

0.00 

0.01 

0.00 

change  score  sd  (imputed) 

0.02 

-0.01 

0.01 

0.00 

change  score  sd  (imputed) 

0.02 

0.01 

0.01 

0.00 

pre-post  sd 

0.07 

0.01 

0.01 

0.00 

pre-post  sd 

0.05 

0.00 

0.01 

0.00 

pre-post  sd 

0.04 

0.01 

0.01 

0.00 

change  score  sd  (imputed) 

1.36 

-1.00 

0.31 

0.10 

0.00 

-0.34 

pre-post  sd 

109.14 

16.00 

24.72 

611.26 

3.12 

0.90 

pre-post  sd 

change  score  sem 

0.05 

-0.01 

0.02 

0.00 

3.14 

2.77 

0.80 

pre-post  sd 

change  score  sem 

0.04 

0.00 

0.02 

0.00 

2.54 

2.77 

0.80 

pre-post  sd 

change  score  sem 

0.04 

0.00 

0.02 

0.00 

2.81 

3.46 

1.00 

pre-post  sd 

change  score  sem 

0.04 

0.00 

0.02 

0.00 

3.47 

2.46 

0.71 

pre-post  sd 

change  score  sem 

0.04 

-0.01 

0.02 

0.00 

3.13 

1.39 

0.40 

pre-post  sd 

change  score  sem 

0.03 

0.01 

0.01 

0.00 

1.33 

31.87 

9.20 

pre-post  sd 

change  score  sem 

7.93 

18.90 

3.39 

11.52 

50.43 

10.39 

3.00 

pre-post  sd 

change  score  sem 

15.17 

29.20 

6.50 

42.20 

13.11 

pre-post  sd 

4.81 

-0.30 

1.53 

2.34 

pre-post  sd 

1.58 

-0.10 

0.50 

0.25 

pre-post  sd 

3.59 

-0.80 

1.14 

1.30 

pre-post  sd 

1.94 

0.70 

0.62 

0.38 

pre-post  sd 

2.38 

-1.50 

0.76 

0.57 

pre-post  sd 

0.04 

0.01 

0.01 

0.00 

pre-post  sd 

0.07 

-0.03 

0.02 

0.00 

pre-post  sd 

0.05 

0.00 

0.01 

0.00 

pre-post  sd 

0.04 

0.02 

0.01 

0.00 

pre-post  sd 

0.05 

0.00 

0.01 

0.00 

pre-post  sd 

0.06 

-0.07 

0.02 

0.00 

pre-post  sd 

3.96 

0.10 

1.26 

1.58 

pre-post  sd 

1.35 

0.00 

0.43 

0.18 

Outcome  Characteristics 


238 


pre-post  sd 

1.56 

-0.20 

0.50 

0.25 

pre-post  sd 

0.04 

0.00 

0.01 

0.00 

3.38 

pre-post  sd 

0.03 

0.00 

0.01 

0.00 

4.51 

pre-post  sd 

0.08 

0.02 

0.03 

0.00 

2.09 

pre-post  sd 

0.04 

0.00 

0.01 

0.00 

4.19 

pre-post  sd 

0.04 

0.02 

0.01 

0.00 

6.28 

pre-post  sd 

0.05 

0.05 

0.02 

0.00 

7.25 

pre-post  sd 

21.13 

26.60 

6.69 

44.76 

19.34 

pre-post  sd 

20.94 

16.23 

6.63 

43.96 

14.34 

pre-post  sd 

0.16 

0.21 

0.05 

0.00 

8.54 

pre-post  sd 

21.17 

4.47 

6.70 

44.94 

244.77 

pre-post  sd 

0.87 

0.40 

0.28 

0.08 

3.38 

2.50 

change  score  sd  (imputed) 

0.00 

-0.02 

2.66 

5.70 

change  score  sd  (imputed) 

0.00 

-0.04 

4.41 

3.10 

change  score  sd  (imputed) 

0.00 

-0.03 

4.86 

17.00 

change  score  sd  (imputed) 

change  score  sd  (imputed) 

5.61 

4.10 

1.41 

2.00 

16.35 

24.40 

change  score  sd  (imputed) 

change  score  sd  (imputed) 

6.11 

3.93 

1.54 

2.37 

24.91 

26.50 

change  score  sd  (imputed) 

change  score  sd  (imputed) 

4.80 

2.50 

1.21 

1.46 

25.12 

50.90 

change  score  sd  (imputed) 

change  score  sd  (imputed) 

12.51 

7.30 

3.15 

9.94 

42.21 

29.50 

change  score  sd  (imputed) 

change  score  sd  (imputed) 

12.45 

3.77 

3.14 

9.85 

25.75 

change  score  sd  (imputed) 

0.03 

0.01 

0.00 

0.00 

change  score  sd  (imputed) 

0.03 

0.01 

0.00 

0.00 

change  score  sd  (imputed) 

0.03 

0.00 

0.00 

0.00 

change  score  sd  (imputed) 

0.01 

0.00 

0.00 

0.00 

change  score  sd  (imputed) 

0.04 

0.01 

0.01 

0.00 

change  score  sd  (imputed) 

0.03 

0.01 

0.00 

0.00 

change  score  sd  (imputed) 

0.03 

0.01 

0.00 

0.00 

change  score  sd  (imputed) 

0.01 

0.00 

0.00 

0.00 

pre-post  sd 

0.06 

0.07 

0.04 

0.00 

pre-post  sd 

5.26 

1.30 

3.32 

11.05 

Outcome  Characteristics 


239 


pre-post  sd 

3.03 

-0.70 

1.91 

3.66 

pre-post  sd 

0.00 

1.24 

pre-post  sd 

2.02 

-0.70 

1.28 

1.64 

pre-post  sd 

231.71 

0.00 

146.55 

21476.54 

pre-post  sd 

0.06 

0.09 

0.04 

0.00 

pre-post  sd 

7.00 

0.10 

4.43 

19.61 

pre-post  sd 

2.59 

-2.90 

1.64 

2.69 

pre-post  sd 

0.00 

2.05 

pre-post  sd 

2.10 

2.00 

1.33 

1.76 

pre-post  sd 

195.14 

0.00 

123.42 

15231.41 

2.70 

change  score  sd  (imputed) 

0.00 

0.00 

2.61 

2.36 

change  score  sd  (imputed) 

0.00 

0.00 

3.09 

pre-post  sd 

3.13 

0.00 

0.68 

0.47 

pre-post  sd 

1.09 

0.00 

0.24 

0.06 

pre-post  sd 

1.80 

0.00 

0.39 

0.16 

0.00 

pre-post  sd 

2.68 

3.10 

0.59 

0.34 

pre-post  sd 

113.22 

0.00 

24.77 

613.52 

other 

9.79 

-0.60 

2.14 

4.59 

-4.8 

3.6 

other 

10.03 

2.60 

2.19 

4.81 

-1.6 

6.9 

other 

19.82 

7.50 

4.34 

18.81 

-0.9 

16 

other 

49.91 

17.20 

10.92 

119.21 

-4.3 

38.6 

other 

34.98 

21.00 

7.65 

58.57 

6 

36 

other 

46.64 

36.00 

10.20 

104.12 

24 

56 

other 

1.63 

-0.30 

0.36 

0.13 

-0.7 

0.4 

-3.00 

-1.20 

-0.10 

-1.99 

pre-post  sd 

114.66 

0.00 

31.51 

992.58 

Outcome  Characteristics 


240 


4.50 

-0.30 

1.17 

1.38 

-2.7 

2 

4.31 

-0.20 

1.12 

1.26 

-2 

2 

6.66 

-0.30 

1.73 

3.01 

-3.6 

3.1 

1.76 

0.10 

0.46 

0.21 

-0.9 

1 

0.10 

0.03 

0.03 

0.00 

-0.01 

0.08 

-6.00 

-1.40 

-1.90 

pre-post  sd 

106.99 

0.00 

30.36 

921.62 

4.54 

0.10 

1.22 

1.50 

-2.4 

2.5 

4.35 

-1.00 

1.17 

1.38 

-3.3 

1.3 

6.80 

-2.60 

1.84 

3.37 

-6.2 

1 

1.89 

-0.90 

0.51 

0.26 

-1.9 

0.1 

0.09 

0.06 

0.03 

0.00 

0.01 

0.11 

1.80 

change  score  sd  (imputed) 

0.00 

-0.01 

2.18 

1.80 

change  score  sd  (imputed) 

0.00 

0.01 

2.07 

change  score  sd  (imputed) 

1.64 

-0.45 

0.43 

0.18 

change  score  sd  (imputed) 

0.64 

-0.21 

0.17 

0.03 

change  score  sd  (imputed) 

1.72 

-0.16 

0.45 

0.20 

change  score  sd  (imputed) 

4.04 

0.03 

1.05 

1.11 

change  score  sd  (imputed) 

4.43 

0.52 

1.15 

1.33 

change  score  sd  (imputed) 

47.57 

3.90 

12.39 

153.46 

change  score  sd  (imputed) 

47.73 

-2.90 

12.43 

154.52 

pre-post  sd 

2.54 

-0.50 

0.66 

0.44 

1.80 

change  score  sd  (imputed) 

0.00 

-0.04 

1.57 

1.80 

change  score  sd  (imputed) 

0.00 

-0.03 

2.01 

change  score  sd  (imputed) 

1.53 

-0.12 

0.40 

0.16 

change  score  sd  (imputed) 

0.58 

-0.16 

0.15 

0.02 

change  score  sd  (imputed) 

1.69 

-0.47 

0.44 

0.20 

change  score  sd  (imputed) 

3.87 

0.32 

1.02 

1.03 

change  score  sd  (imputed) 

4.97 

1.87 

1.30 

1.70 

change  score  sd  (imputed) 

47.57 

7.10 

12.49 

156.03 

Outcome  Characteristics 


241 


change  score  sd  (imputed) 

54.59 

-6.20 

14.34 

205.55 

pre-post  sd 

2.72 

-0.70 

0.71 

0.51 

2.40 

change  score  sd  (imputed) 

0.00 

0.03 

2.45 

2.70 

change  score  sd  (imputed) 

0.00 

0.07 

2.52 

change  score  sd  (imputed) 

1.67 

0.51 

0.44 

0.19 

change  score  sd  (imputed) 

0.75 

0.35 

0.20 

0.04 

change  score  sd  (imputed) 

1.41 

0.38 

0.37 

0.14 

change  score  sd  (imputed) 

4.74 

0.97 

1.24 

1.55 

change  score  sd  (imputed) 

4.44 

-1.18 

1.17 

1.36 

change  score  sd  (imputed) 

155.34 

2.00 

40.82 

1666.08 

change  score  sd  (imputed) 

31.16 

-9.93 

8.19 

67.06 

pre-post  sd 

2.01 

0.10 

0.53 

0.28 

2.40 

change  score  sd  (imputed) 

0.00 

0.02 

3.61 

2.70 

change  score  sd  (imputed) 

0.00 

0.06 

2.65 

change  score  sd  (imputed) 

1.65 

0.32 

0.43 

0.18 

change  score  sd  (imputed) 

0.77 

-0.06 

0.20 

0.04 

change  score  sd  (imputed) 

1.62 

0.14 

0.42 

0.17 

change  score  sd  (imputed) 

4.42 

-1.42 

1.14 

1.30 

change  score  sd  (imputed) 

5.16 

1.06 

1.33 

1.78 

change  score  sd  (imputed) 

189.08 

-11.10 

48.82 

2383.33 

change  score  sd  (imputed) 

36.78 

-3.40 

9.50 

90.18 

pre-post  sd 

2.03 

0.00 

0.52 

0.27 

3.39 

pre-post  sd 

change  score  sd  (imputed) 

0.03 

0.02 

0.01 

0.00 

3.14 

pre-post  sd 

0.05 

0.11 

0.02 

0.00 

pre-post  sd 

0.10 

0.12 

0.05 

0.00 

pre-post  sd 

0.27 

-0.73 

0.13 

0.02 

pre-post  sd 

2.43 

3.62 

1.14 

1.31 

pre-post  sd 

6.21 

-4.80 

2.93 

8.57 

3.07 

-0.24 

0.91 

change  score  sd  (imputed) 

confidence  interval 

0.03 

0.01 

0.00 

0.00 

0.006 

0.021 

2.92 

3.47 

-1.70 

-0.40 

change  score  sd  (imputed) 

confidence  interval 

0.02 

0.02 

0.00 

0.00 

0.008 

0.021 

3.47 

Outcome  Characteristics 


242 


pre-post  sd 

1.01 

-0.62 

0.13 

0.02 

2.20 

change  score  sd  (imputed) 

0.00 

-0.01 

3.29 

2.10 

change  score  sd  (imputed) 

0.00 

0.01 

2.59 

2.40 

change  score  sd  (imputed) 

0.00 

0.00 

2.77 

5.20 

change  score  sd  (imputed) 

0.00 

0.01 

4.64 

2.30 

change  score  sd  (imputed) 

0.00 

0.01 

3.45 

1.90 

change  score  sd  (imputed) 

0.00 

0.00 

2.63 

2.20 

change  score  sd  (imputed) 

0.00 

0.03 

2.92 

3.60 

change  score  sd  (imputed) 

0.00 

0.00 

3.22 

2.50 

change  score  sd  (imputed) 

0.00 

0.00 

2.45 

3.10 

change  score  sd  (imputed) 

0.00 

0.00 

3.69 

6.60 

change  score  sd  (imputed) 

0.00 

0.02 

7.83 

3.50 

change  score  sd  (imputed) 

0.00 

-0.01 

4.85 

2.30 

change  score  sd  (imputed) 

0.00 

-0.01 

1.90 

2.40 

change  score  sd  (imputed) 

0.00 

0.01 

2.61 

Outcome  Characteristics 


243 


1.98 

change  score  sd  (imputed) 

0.00 

0.04 

2.04 

1.97 

change  score  sd  (imputed) 

0.00 

0.03 

1.89 

2.74 

change  score  sd  (imputed) 

0.00 

0.03 

2.59 

2.57 

change  score  sd  (imputed) 

0.00 

0.04 

2.39 

2.60 

change  score  sd  (imputed) 

0.00 

0.04 

2.69 

3.03 

change  score  sd  (imputed) 

0.00 

0.00 

2.93 

2.24 

change  score  sd  (imputed) 

0.00 

0.00 

2.24 

2.42 

change  score  sd  (imputed) 

0.00 

-0.01 

2.51 

1.69 

change  score  sd  (imputed) 

0.00 

0.00 

1.57 

1.98 

change  score  sd  (imputed) 

0.00 

0.03 

1.92 

1.97 

change  score  sd  (imputed) 

0.00 

0.05 

1.90 

2.74 

change  score  sd  (imputed) 

0.00 

0.05 

2.68 

2.57 

change  score  sd  (imputed) 

0.00 

0.05 

2.53 

2.60 

change  score  sd  (imputed) 

0.00 

0.04 

2.44 

3.03 

change  score  sd  (imputed) 

0.00 

0.00 

3.10 

2.24 

change  score  sd  (imputed) 

0.00 

0.00 

2.07 

2.42 

change  score  sd  (imputed) 

0.00 

-0.01 

2.46 

1.69 

change  score  sd  (imputed) 

0.00 

0.00 

1.71 

2.83 

pre-post  sd 

change  score  sd  (imputed) 

0.07 

-0.01 

0.02 

0.00 

2.82 

2.13 

pre-post  sd 

change  score  sd  (imputed) 

0.03 

0.02 

0.01 

0.00 

2.22 

1.67 

pre-post  sd 

change  score  sd  (imputed) 

0.04 

0.00 

0.01 

0.00 

1.96 

2.30 

pre-post  sd 

change  score  sd  (imputed) 

0.07 

0.02 

0.02 

0.00 

2.49 

2.31 

pre-post  sd 

change  score  sd  (imputed) 

0.04 

0.02 

0.01 

0.00 

2.30 

Outcome  Characteristics 


244 


1.92 

pre-post  sd 

change  score  sd  (imputed) 

0.05 

0.01 

0.01 

0.00 

1.97 

4.06 

-1.60 

2.20 

confidence  interval 

0.00 

-0.01 

3.95 

5.45 

-2.80 

2.30 

confidence  interval 

0.00 

0.02 

5.11 

2.03 

-0.70 

1.20 

confidence  interval 

0.00 

0.00 

2.05 

2.35 

-1.20 

1.00 

confidence  interval 

0.00 

0.03 

2.47 

2.35 

-2.00 

0.20 

confidence  interval 

0.00 

0.01 

2.77 

3.21 

-0.70 

2.30 

confidence  interval 

0.00 

0.01 

3.73 

4.38 

-2.80 

1.30 

confidence  interval 

0.00 

-0.01 

4.85 

2.99 

-0.20 

2.60 

confidence  interval 

0.00 

-0.01 

2.67 

10.68 

-3.70 

6.30 

confidence  interval 

0.00 

2.00 

10.63 

2.78 

-1.50 

1.10 

confidence  interval 

0.00 

0.20 

3.43 

584.38 

-277.00 

270.00 

confidence  interval 

0.00 

36.00 

501.68 

29.91 

2.70 

30.70 

confidence  interval 

0.00 

8.00 

29.30 

4.06 

-1.60 

2.20 

confidence  interval 

0.00 

-0.01 

4.13 

5.45 

-2.80 

2.30 

confidence  interval 

0.00 

-0.01 

5.66 

2.03 

-0.70 

1.20 

confidence  interval 

0.00 

-0.01 

2.10 

2.35 

-1.20 

1.00 

confidence  interval 

0.00 

0.01 

2.43 

2.35 

-2.00 

0.20 

confidence  interval 

0.00 

-0.01 

3.85 

3.21 

-0.70 

2.30 

confidence  interval 

0.00 

-0.01 

3.08 

4.38 

-2.80 

1.30 

confidence  interval 

0.00 

0.01 

4.97 

2.99 

-0.20 

2.60 

confidence  interval 

0.00 

-0.03 

2.76 

10.68 

-3.70 

6.30 

confidence  interval 

0.00 

1.00 

10.94 

2.78 

-1.50 

1.10 

confidence  interval 

0.00 

0.70 

3.15 

584.38 

-277.00 

270.00 

confidence  interval 

0.00 

149.00 

527.02 

29.91 

2.70 

30.70 

confidence  interval 

0.00 

-1.00 

29.72 

change  score  sd  (imputed) 

2.91 

-0.20 

0.73 

0.53 

change  score  sd  (imputed) 

1.05 

0.10 

0.26 

0.07 

change  score  sd  (imputed) 

1.35 

0.30 

0.34 

0.11 

confidence  interval 

0.02 

0.00 

0.01 

0.00 

confidence  interval 

0.02 

0.00 

0.00 

0.00 

confidence  interval 

0.04 

0.01 

0.01 

0.00 

confidence  interval 

6.42 

1.70 

1.63 

2.66 

confidence  interval 

4.97 

0.79 

1.26 

1.60 

confidence  interval 

15.05 

4.93 

3.82 

14.63 

Outcome  Characteristics 


245 


confidence  interval 

58.61 

8.28 

14.89 

221.82 

confidence  interval 

3.53 

-0.21 

0.92 

0.84 

confidence  interval 

17.89 

-1.21 

4.67 

21.76 

confidence  interval 

12.42 

0.69 

3.24 

10.48 

confidence  interval 

3.66 

1.67 

1.10 

1.22 

confidence  interval 

2.97 

0.91 

0.90 

0.81 

confidence  interval 

28.78 

18.93 

8.69 

75.47 

confidence  interval 

14.14 

5.95 

4.27 

18.22 

confidence  interval 

9.23 

-0.86 

2.49 

6.20 

confidence  interval 

32.86 

-4.14 

8.86 

78.57 

confidence  interval 

70.53 

6.00 

19.02 

361.91 

change  score  sd  (imputed) 

2.05 

0.00 

0.51 

0.26 

change  score  sd  (imputed) 

1.00 

0.00 

0.25 

0.06 

change  score  sd  (imputed) 

1.45 

-0.10 

0.36 

0.13 

confidence  interval 

0.02 

0.00 

0.00 

0.00 

confidence  interval 

0.02 

0.01 

0.00 

0.00 

confidence  interval 

0.04 

0.01 

0.01 

0.00 

confidence  interval 

6.37 

1.56 

1.61 

2.58 

confidence  interval 

6.45 

-0.34 

1.63 

2.64 

confidence  interval 

14.95 

10.31 

3.77 

14.22 

confidence  interval 

58.24 

13.58 

14.69 

215.82 

confidence  interval 

3.50 

-0.73 

0.91 

0.82 

confidence  interval 

17.74 

-6.57 

4.59 

21.08 

confidence  interval 

12.33 

3.09 

3.19 

10.18 

confidence  interval 

3.65 

-0.04 

1.00 

1.01 

confidence  interval 

2.97 

0.05 

0.82 

0.67 

confidence  interval 

28.71 

-1.01 

7.90 

62.44 

confidence  interval 

14.11 

0.40 

3.88 

15.08 

confidence  interval 

9.33 

-5.17 

2.41 

5.83 

confidence  interval 

32.97 

-13.54 

8.53 

72.80 

confidence  interval 

86.69 

12.37 

22.43 

503.27 

pre-post  sd 

0.03 

0.00 

0.01 

0.00 

pre-post  sd 

0.06 

0.02 

0.02 

0.00 

pre-post  sd 

0.06 

0.01 

0.02 

0.00 

pre-post  sd 

0.05 

0.01 

0.01 

0.00 

pre-post  sd 

0.07 

0.02 

0.02 

0.00 

pre-post  sd 

0.03 

0.00 

0.01 

0.00 

4.50 

1.43 

4.80 

Outcome  Characteristics 


246 


0.25 

pre-post  sd 

1.96 

0.20 

0.57 

0.33 

pre-post  sd 

3.24 

4.00 

0.95 

0.90 

pre-post  sd 

2.26 

-3.00 

0.66 

0.44 

pre-post  sd 

0.46 

-0.90 

0.14 

0.02 

pre-post  sd 

6.52 

10.00 

1.90 

3.63 

pre-post  sd 

7.81 

16.50 

2.28 

5.19 
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7.56 

11.80 

2.21 

4.86 
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13.12 

22.50 

3.83 

14.66 

pre-post  sd 

9.90 

21.80 

2.89 

8.34 

pre-post  sd 

0.03 

-0.01 
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0.00 

pre-post  sd 
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0.03 

0.01 

0.00 
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0.02 

0.02 

0.00 
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0.05 

0.02 

0.01 

0.00 

pre-post  sd 

1.79 

0.80 

0.52 

0.27 

pre-post  sd 

2.43 

1.10 

0.70 

0.49 

pre-post  sd 

2.02 

-0.20 

0.58 

0.34 

pre-post  sd 

0.52 

-1.10 

0.15 

0.02 

pre-post  sd 

7.36 

8.70 

2.12 

4.51 

pre-post  sd 

9.77 

-1.10 

2.82 

7.95 

pre-post  sd 

6.31 

5.20 

1.82 

3.32 

pre-post  sd 

14.71 

-0.40 

4.25 

18.02 

pre-post  sd 

8.78 

7.30 

2.54 

6.43 

pre-post  sd 

0.04 

0.01 

0.01 

0.00 

pre-post  sd 
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0.01 

0.01 

0.00 
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0.01 
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0.50 

0.44 
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0.46 

0.21 
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0.64 

0.41 
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7.72 
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0.57 
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0.15 
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7.57 
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0.01 
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0.03 
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3.55 
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0.71 
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1.29 
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6.60 
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0.64 
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3.26 
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1.04 

1.09 
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0.01 
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0.00 

1.26 

change  score  sd  (imputed) 
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0.00 

2.26 

1.40 

1.30 

change  score  sd  (imputed) 
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pre-post  sd 

0.05 
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0.03 
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0.15 
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0.41 
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0.12 
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0.95 
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0.34 
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1.13 

change  score  sd  (imputed) 

0.02 

0.02 

0.00 

0.00 
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0.33 

0.11 
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0.01 

0.01 

0.00 
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0.03 

0.01 

0.00 
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0.03 

0.02 

0.00 
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0.08 

0.05 

0.01 

0.00 
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23.00 

28.68 
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10.00 

99.90 
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1.84 

3.38 
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change  score  sem 
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0.84 

change  score  sem 

4.73 

-1.10 
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0.13 

pre-post  sd 

0.04 
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0.01 
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7.37 
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0.04 

0.01 
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2.39 
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0.45 
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2.33 

6.75 

pre-post  sd 
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0.49 

0.24 
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0.06 
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0.01 

0.00 
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0.00 

2.15 

3.74 

pre-post  sd 

change  score  sd  (imputed) 
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change  score  sd  (imputed) 

0.05 

0.00 

0.01 

0.00 

3.13 
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0.37 

-0.04 

0.09 

0.04 
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1.70 

-0.90 

0.90 

0.81 

change  score  sd  (imputed) 

0.07 

0.01 

0.04 

0.00 

change  score  sd  (imputed) 

0.22 

0.15 

0.12 

0.01 

change  score  sd  (imputed) 

0.20 
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0.10 

0.01 
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0.34 

2.18 
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0.64 
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0.56 
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0.62 

0.38 

percent  change  score  sds 

relative  values 

1.08 
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0.27 
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0.07 

0.27 
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0.07 

0.27 

-0.09 
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-1.14 
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0.10 

1.07 

1.15 

-1.3 

2.2 

change  score  sds 

percent  change  treatment  e: 

absolute  values 

0.00 

0.10 

0.32 

0.00 

1.43 

2.04 

-1.9 

2.8 

change  score  sds 

percent  change  treatment  e: 

absolute  values 

0.00 

0.10 

0.32 

2.10 

0.66 

0.44 

-0.4 

3.4 

change  score  sds 

percent  change  treatment  e: 
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0.24 

0.10 

0.32 

0.00 

1.33 

1.76 

-3.8 

2.6 

change  score  sds 

percent  change  treatment  e: 
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0.00 

0.10 

0.32 

3.40 

1.99 

3.96 

-1.2 

7.3 

change  score  sds 

percent  change  treatment  e: 
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0.46 

0.10 

0.32 

8.40 

2.30 

5.27 

1.8 

12.9 

change  score  sds 

percent  change  treatment  e: 

absolute  values 

0.97 

0.11 

0.33 

9.90 

6.12 

37.48 

0.2 

21.9 

change  score  sds 

percent  change  treatment  e: 

absolute  values 

1.23 

0.12 

0.35 

6.80 

4.54 

20.62 

-2.7 

15.7 

change  score  sds 

percent  change  treatment  e: 

absolute  values 

0.76 

0.11 

0.33 

11.40 

2.70 

7.31 

6.9 

16.7 

change  score  sds 

percent  change  treatment  e: 

absolute  values 

1.26 

0.12 

0.35 

33.00 

77.50 
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-298.1 

184.9 

change  score  sds 

percent  change  treatment  e: 
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0.21 

0.10 

0.32 

0.70 

1.07 
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2.8 
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0.45 

0.10 

0.32 

1.10 

0.67 

0.45 
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0.41 

0.06 

0.25 

2.40 

1.11 

1.23 
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0.54 

0.07 

0.26 

2.30 

1.23 

1.50 
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0.47 

0.07 

0.26 
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4.12 

16.98 
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0.07 

0.26 

10.70 

6.28 
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0.64 

0.07 

0.26 

7.80 

6.33 
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percent  change  score  sds 
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0.51 

0.07 

0.26 

11.20 

10.64 

113.15 
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0.58 

0.07 

0.26 

4.20 

6.49 

42.10 
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0.30 

0.06 

0.25 

0.56 
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0.03 

0.17 

1.87 
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0.49 

0.03 

0.17 

-0.15 
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0.03 

0.17 

0.00 
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0.00 

0.03 

0.17 

1.05 
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0.25 

0.03 

0.18 

1.22 
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0.03 

0.18 

0.56 
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0.18 
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0.18 

6.09 
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0.46 
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1.85 
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0.22 

0.40 
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-1.11 

change  score  sds 

absolute  values 

-0.21 

0.40 

0.63 

3.19 

-3.10 
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0.40 

0.64 

0.00 
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0.63 

7.80 
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1.43 
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0.18 
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0.45 
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0.44 
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0.00 
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0.63 
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0.22 
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0.57 
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0.05 
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other 
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0.05 
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0.05 
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other 

0.23 

0.05 
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other 

0.75 

0.05 
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0.43 
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0.00 
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0.00 
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0.00 

0.05 
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0.00 
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0.00 

0.05 
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0.00 
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0.06 
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0.00 
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0.00 

0.05 

0.22 

0.00 

treatment  effect  confidence  interval 
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0.05 

0.22 

0.00 
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0.26 

0.05 

0.22 

0.00 

treatment  effect  confidence  interval 
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0.37 

0.05 

0.22 

0.00 
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0.34 

0.05 

0.22 

0.00 
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0.05 
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0.00 
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0.05 

0.23 

0.00 
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0.22 

other 

0.04 

0.08 

0.27 
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-0.11 

0.08 

0.27 

other 

0.05 

0.08 

0.27 

other 

-0.12 

0.08 
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0.00 

0.00 

0.00 

0.00 

0.00 
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0.08 

0.27 
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0.00 

treatment  effect  confidence  interval 

absolute  values 

-0.07 

0.07 

0.26 

0.00 
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0.07 
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0.00 
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0.08 

0.28 
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0.08 
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-0.03 

0.08 

0.28 
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0.08 
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0.00 
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0.27 
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0.57 

0.32 
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0.07 

0.26 

0.56 
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0.29 
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0.27 

0.07 

0.26 
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-0.27 

0.07 

0.26 

-0.89 
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-0.33 

0.07 

0.26 
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0.07 

0.26 
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0.01 

0.07 

0.26 

change  score  sds 

absolute  values 

0.12 

0.07 

0.26 

change  score  sds 

absolute  values 

0.08 

0.07 

0.26 

change  score  sds 

absolute  values 

-0.06 

0.07 

0.26 

-1.10 
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-0.19 

0.07 

0.26 

-0.71 

0.41 

0.17 

percent  change  score  sds 

relative  values 

-0.45 

0.07 

0.27 

0.35 

0.53 

0.28 

percent  change  score  sds 

relative  values 

0.17 

0.07 

0.26 

change  score  sds 

absolute  values 

-0.08 

0.07 

0.26 

-0.67 

change  score  sds 
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-0.27 

0.07 

0.26 

change  score  sds 

absolute  values 

-0.27 

0.07 

0.26 
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0.08 

0.07 

0.26 
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0.37 

0.07 

0.26 
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change  score  sds 

absolute  values 

-0.11 

0.07 

0.26 

-1.54 

change  score  sds 

absolute  values 

-0.25 

0.07 

0.26 

2.51 

0.64 

0.41 

percent  change  score  sds 

relative  values 

1.01 

0.08 

0.28 

-0.89 

0.66 

0.44 

percent  change  score  sds 

relative  values 

-0.35 

0.07 

0.26 

change  score  sds 

absolute  values 

0.30 

0.07 

0.26 

1.46 

change  score  sds 
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0.46 

0.07 

0.27 
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0.27 

0.07 

0.26 
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0.07 

0.26 
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-0.26 

0.07 

0.26 

change  score  sds 

absolute  values 
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0.07 

0.26 
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-0.31 

0.07 

0.26 

0.28 
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0.05 

0.07 

0.26 

2.30 

0.93 

0.87 
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relative  values 

0.63 

0.07 

0.26 

1.01 

0.68 

0.47 

percent  change  score  sds 
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0.38 

0.07 

0.26 

change  score  sds 

absolute  values 
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0.07 

0.26 

-0.23 
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-0.08 

0.07 

0.26 
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0.09 

0.07 

0.26 
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0.07 

0.26 
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absolute  values 

0.20 

0.07 

0.26 
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-0.06 

0.07 

0.26 

change  score  sds 
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-0.09 

0.07 

0.26 

-0.01 
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0.00 

0.07 

0.26 

3.33 

1.31 

1.73 
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0.19 

0.44 
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absolute  values 
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0.36 

0.60 

15.16 

change  score  sds 
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1.12 

0.26 

0.51 

-29.63 

change  score  sds 
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-2.53 

0.40 

0.63 

15.55 

change  score  sds 

absolute  values 

1.42 

0.28 

0.53 

-6.10 

change  score  sds 

absolute  values 

-0.74 

0.24 

0.49 

1.44 

0.39 

0.15 

treatment  effect  confidence  interval 

percent  change  score  sds 

absolute  values 

0.52 

0.02 

0.13 

2.06 

0.46 

0.21 

treatment  effect  confidence  interval 

percent  change  score  sds 

absolute  values 

0.65 

0.02 

0.14 
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-134.61 

change  score  sds 

absolute  values 

-0.61 

0.02 

0.14 

2.30 

0.97 

0.94 

percent  change  score  sds 

relative  values 

0.69 

0.09 

0.30 

1.60 

0.76 

0.58 

percent  change  score  sds 

relative  values 

0.61 

0.09 

0.30 
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0.82 

0.67 

percent  change  score  sds 

relative  values 

0.14 

0.09 

0.30 

1.50 

1.37 

1.87 

percent  change  score  sds 

relative  values 

0.32 

0.09 

0.30 

3.80 

0.98 

0.95 

percent  change  score  sds 

relative  values 

1.08 

0.09 

0.30 

1.20 

0.74 

0.55 

percent  change  score  sds 

relative  values 

0.45 

0.08 

0.29 

1.10 

0.83 

0.68 

percent  change  score  sds 

relative  values 

0.37 

0.08 

0.29 

-0.90 

1.05 

1.09 
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-0.27 

0.11 

0.33 

-0.20 

0.80 

0.63 

percent  change  score  sds 
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-0.08 

0.11 

0.32 

1.20 

1.20 

1.43 

percent  change  score  sds 
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0.32 

0.11 

0.33 

1.00 

2.54 

6.46 
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0.12 

0.11 

0.32 

0.10 

1.50 

2.24 
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0.31 
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0.59 

0.35 
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0.10 
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0.10 

0.31 
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-0.64 

0.54 

0.29 

percent  change  score  sds 

relative  values 

-0.31 

0.07 

0.27 

1.14 

0.50 

0.25 

percent  change  score  sds 
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0.07 

0.27 

0.01 

0.68 

0.46 
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0.07 

0.26 

1.88 

0.63 

0.40 
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0.27 
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0.27 
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0.07 
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0.12 

0.59 

0.35 
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0.07 

0.26 

-0.12 

0.66 

0.44 
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0.41 
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0.48 
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0.47 

0.22 

percent  change  score  sds 

relative  values 

-0.04 
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0.14 
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0.36 
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0.06 
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-0.74 

0.51 
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0.61 

0.37 
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-0.08 
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0.61 
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0.05 

0.22 

1.69 
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0.25 
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relative  values 

0.73 
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0.07 

0.42 

0.18 

change  score  sds 
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0.05 

0.22 

0.50 

1.35 

1.82 
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31246.38 

percent  change  score  sds 

relative  values 

0.04 

0.11 

0.34 
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-0.18 

change  score  sds 

absolute  values 

-0.07 

0.07 

0.26 

0.28 

change  score  sds 

absolute  values 

0.05 

0.07 

0.26 

2.94 

change  score  sds 

absolute  values 

0.45 

0.09 

0.31 

1.78 

change  score  sds 

absolute  values 

0.30 

0.09 

0.30 

1.73 

change  score  sds 

absolute  values 

0.65 

0.10 

0.31 

change  score  sds 

absolute  values 

0.41 

0.09 

0.31 

-1.85 

change  score  sds 

absolute  values 

-0.09 

0.07 

0.27 

-3.87 

change  score  sds 

absolute  values 

-0.12 

0.07 

0.27 

1.24 

change  score  sds 

absolute  values 

0.08 

0.07 

0.27 

-0.07 

change  score  sds 

absolute  values 

0.00 

0.06 

0.25 

0.03 

change  score  sds 

absolute  values 

0.00 

0.06 

0.25 

-0.46 

change  score  sds 

absolute  values 

-0.07 

0.06 

0.25 

0.43 

change  score  sds 

absolute  values 

0.16 

0.06 

0.25 

0.84 

change  score  sds 

absolute  values 

0.26 

0.06 

0.25 

1.12 

change  score  sds 

absolute  values 

0.17 

0.06 

0.25 

0.73 

change  score  sds 

absolute  values 

0.24 

0.06 

0.25 

-0.13 

change  score  sds 

absolute  values 

-0.05 

0.06 

0.25 

0.96 

change  score  sds 

absolute  values 

0.68 

0.07 

0.26 

0.99 

change  score  sds 

absolute  values 

0.23 

0.06 

0.25 

-0.44 

change  score  sds 

absolute  values 

-0.21 

0.07 

0.26 

-1.16 

change  score  sds 

absolute  values 

-0.37 

0.07 

0.26 

1.07 

change  score  sds 

absolute  values 

0.25 

0.07 

0.26 

0.00 

change  score  sds 

absolute  values 

-0.01 

0.08 

0.28 

0.13 

change  score  sds 

absolute  values 

0.02 

0.08 

0.28 

-0.08 

change  score  sds 

absolute  values 

-0.03 

0.08 

0.28 

change  score  sds 

absolute  values 

0.03 

0.08 

0.28 

-9.27 

change  score  sds 

absolute  values 

-0.55 

0.07 

0.26 

-11.40 

change  score  sds 

absolute  values 

-0.41 

0.07 

0.26 

2.59 

change  score  sds 

absolute  values 

0.14 

0.07 

0.26 

-0.28 

change  score  sds 

absolute  values 

-0.09 

0.07 

0.27 

1.84 

change  score  sds 

absolute  values 

0.38 

0.08 

0.28 

1.35 

change  score  sds 

absolute  values 

0.22 

0.08 

0.27 

1.86 

change  score  sds 

absolute  values 

0.30 

0.08 

0.28 

2.60 

change  score  sds 

absolute  values 

0.33 

0.08 

0.28 

0.03 

change  score  sds 

absolute  values 

0.00 

0.07 

0.27 

0.00 

0.00 

0.00 
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0.00 

0.76 

change  score  sds 

absolute  values 

0.10 

0.09 

0.29 

9.74 

change  score  sds 

absolute  values 

1.21 

0.10 

0.32 

-7.72 

change  score  sds 

absolute  values 

-1.30 

0.10 

0.32 

-15.91 

change  score  sds 

absolute  values 

-1.91 

0.12 

0.35 

37.63 

change  score  sds 

absolute  values 

1.51 

0.11 

0.33 

21.47 

change  score  sds 

absolute  values 

2.08 

0.13 

0.36 

23.36 

change  score  sds 

absolute  values 

1.54 

0.11 

0.33 

17.96 

change  score  sds 

absolute  values 

1.69 

0.12 

0.34 

29.46 

change  score  sds 

absolute  values 

2.17 

0.14 

0.37 

-0.87 

change  score  sds 

absolute  values 

-0.17 

0.09 

0.29 

4.21 

change  score  sds 

absolute  values 

0.75 

0.09 

0.30 

2.17 

change  score  sds 

absolute  values 

0.34 

0.09 

0.29 

2.47 

change  score  sds 

absolute  values 

0.43 

0.09 

0.30 

2.85 

change  score  sds 

absolute  values 

0.44 

0.09 

0.29 

2.78 

change  score  sds 

absolute  values 

0.44 

0.09 

0.29 

-0.48 

change  score  sds 

absolute  values 

-0.10 

0.08 

0.29 

-18.56 

change  score  sds 

absolute  values 

-2.06 

0.13 

0.36 

31.34 

change  score  sds 

absolute  values 

1.16 

0.10 

0.31 

-1.20 

change  score  sds 

absolute  values 

-0.11 

0.08 

0.29 

10.92 

change  score  sds 

absolute  values 

0.81 

0.09 

0.30 

-0.20 

change  score  sds 

absolute  values 

-0.03 

0.08 

0.29 

10.30 

change  score  sds 

absolute  values 

0.82 

0.09 

0.30 

0.75 

change  score  sds 

absolute  values 

0.12 

0.08 

0.29 

1.58 

change  score  sds 

absolute  values 

0.29 

0.08 

0.29 

0.81 

change  score  sds 

absolute  values 

0.14 

0.08 

0.29 

0.96 

change  score  sds 

absolute  values 

0.17 

0.08 

0.29 

1.77 

change  score  sds 

absolute  values 

0.29 

0.07 

0.26 

-6.06 

change  score  sds 

absolute  values 

-1.28 

0.08 

0.28 

3.31 

change  score  sds 

absolute  values 

0.52 

0.07 

0.26 

-2.11 

change  score  sds 

absolute  values 

-0.34 

0.07 

0.26 

6.89 

change  score  sds 

absolute  values 

0.70 

0.07 

0.27 

-7.44 

change  score  sds 

absolute  values 

-0.69 

0.07 

0.27 

27.71 

change  score  sds 

absolute  values 

1.26 

0.08 

0.28 
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0.26 

change  score  sds 

absolute  values 

0.14 

0.07 

0.26 

-3.79 

change  score  sds 

absolute  values 

-0.27 

0.07 

0.26 

-2.52 

change  score  sds 

absolute  values 

-0.21 

0.07 

0.26 

2.25 

change  score  sds 

absolute  values 

0.15 

0.07 

0.26 

14.60 

change  score  sds 

absolute  values 

1.07 

0.08 

0.28 

4.53 

change  score  sds 

absolute  values 

0.36 

0.07 

0.26 

8.01 

change  score  sds 

absolute  values 

0.66 

0.07 

0.27 

-2.30 

change  score  sds 

absolute  values 

-0.17 

0.07 

0.26 

6.59 

change  score  sds 

absolute  values 

0.53 

0.07 

0.26 

3.61 

change  score  sds 

absolute  values 

0.73 

0.07 

0.27 

0.65 

change  score  sds 

absolute  values 

0.13 

0.07 

0.26 

0.71 

change  score  sds 

absolute  values 

0.12 

0.07 

0.26 

0.36 

change  score  sds 

absolute  values 

0.07 

0.07 

0.26 

1.86 

change  score  sds 

absolute  values 

0.40 

0.07 

0.26 

0.13 

1.13 

1.27 

change  score  sds 

percent  change  score  sds 

absolute  values 

0.04 

0.10 

0.32 

-2.91 

change  score  sds 

absolute  values 

-0.31 

0.10 

0.32 

-2.95 

15.98 

change  score  sds 

absolute  values 

1.86 

0.15 

0.38 

1.42 

1.34 

1.80 

change  score  sds 

percent  change  score  sds 

absolute  values 

0.21 

0.12 

0.34 

-4.01 

change  score  sds 

absolute  values 

-0.40 

0.12 

0.34 

-4.04 

16.08 

change  score  sds 

absolute  values 

1.79 

0.16 

0.40 

3.40 

1.34 

1.79 

change  score  sds 

percent  change  score  sds 

absolute  values 

0.71 

0.11 

0.33 

2.80 

1.14 

1.29 

change  score  sds 

percent  change  score  sds 

absolute  values 

0.81 

0.11 

0.33 

0.00 

0.00 

0.16 

change  score  sds 

absolute  values 

0.04 

0.10 

0.32 

31.70 

change  score  sds 

absolute  values 

2.98 

0.22 

0.47 

58.40 

change  score  sds 

absolute  values 

2.97 

0.22 

0.46 

57.10 

change  score  sds 

absolute  values 

4.91 

0.41 

0.64 

52.10 

change  score  sds 

absolute  values 

3.48 

0.26 

0.51 

45.80 

change  score  sds 

absolute  values 

2.60 

0.19 

0.43 

-22.80 

change  score  sds 

absolute  values 

-1.77 

0.14 

0.38 

24.95 

change  score  sds 

absolute  values 

6.36 

0.62 

0.79 

1.27 

change  score  sds 

absolute  values 

0.27 

0.08 

0.29 

1.14 

change  score  sds 

absolute  values 

0.22 

0.08 

0.29 

0.02 

change  score  sds 

absolute  values 

0.00 

0.08 

0.29 

0.54 

0.33 

0.11 

percent  change  score  sds 

relative  values 

0.40 

0.06 

0.25 
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0.27 

0.35 

0.12 

percent  change  score  sds 

relative  values 

0.19 

0.06 

0.25 

0.22 

0.43 

0.19 

percent  change  score  sds 

relative  values 

0.12 

0.06 

0.25 

0.31 

0.46 

0.21 

percent  change  score  sds 

relative  values 

0.16 

0.06 

0.25 

0.06 

0.38 

0.14 

percent  change  score  sds 

relative  values 

0.04 

0.06 

0.25 

0.46 

0.39 

0.15 

percent  change  score  sds 

relative  values 

0.29 

0.06 

0.25 

0.32 

0.48 

0.24 

percent  change  score  sds 

relative  values 

0.16 

0.06 

0.25 

0.60 

0.45 

0.20 

percent  change  score  sds 

relative  values 

0.32 

0.06 

0.25 

1.77 

change  score  sds 

absolute  values 

0.19 

0.11 

0.33 

7.63 

change  score  sds 

absolute  values 

1.21 

0.12 

0.35 

7.80 

change  score  sds 

absolute  values 

0.89 

0.12 

0.34 

4.25 

change  score  sds 

absolute  values 

0.59 

0.11 

0.33 

2.73 

change  score  sds 

absolute  values 

0.38 

0.11 

0.33 

8.13 

change  score  sds 

absolute  values 

1.12 

0.12 

0.35 

27.63 

change  score  sds 

absolute  values 

3.03 

0.23 

0.48 

18.49 

change  score  sds 

absolute  values 

4.18 

0.34 

0.58 

55.87 

change  score  sds 

absolute  values 

5.68 

0.53 

0.73 

54.35 

change  score  sds 

absolute  values 

5.84 

0.55 

0.74 

15.31 

change  score  sds 

absolute  values 

2.23 

0.17 

0.41 

13.57 

change  score  sds 

absolute  values 

1.77 

0.11 

0.32 

-0.41 

change  score  sds 

absolute  values 

-0.11 

0.08 

0.27 

3.65 

change  score  sds 

absolute  values 

0.98 

0.08 

0.29 

-7.07 

change  score  sds 

absolute  values 

-0.76 

0.08 

0.28 

2.08 

change  score  sds 

absolute  values 

1.18 

0.09 

0.30 

34.71 

change  score  sds 

absolute  values 

1.30 

0.09 

0.30 

-13.76 

change  score  sds 

absolute  values 

-1.22 

0.09 

0.30 

46.87 

change  score  sds 

absolute  values 

0.71 

0.08 

0.28 

0.52 

change  score  sds 

absolute  values 

0.19 

0.08 

0.28 

0.47 

change  score  sds 

absolute  values 

0.16 

0.08 

0.28 

6.25 

change  score  sds 

absolute  values 

0.62 

0.04 

0.20 

1.69 

change  score  sds 

absolute  values 

0.14 

0.04 

0.19 

4.55 

change  score  sds 

absolute  values 

0.44 

0.04 

0.19 

3.04 

change  score  sds 

absolute  values 

0.26 

0.04 

0.19 

4.63 

change  score  sds 

absolute  values 

0.65 

0.04 

0.20 

2.22 

change  score  sds 

absolute  values 

0.15 

0.04 

0.19 

-52.22 

change  score  sds 

absolute  values 

-0.27 

0.04 

0.19 

7.91 

change  score  sds 

absolute  values 

0.62 

0.03 

0.17 

6.45 

change  score  sds 

absolute  values 

0.30 

0.03 

0.17 
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-0.01 

change  score  sds 

absolute  values 

0.00 

0.03 

0.16 

-3.18 

change  score  sds 

absolute  values 

-0.23 

0.03 

0.17 

1.80 

change  score  sds 

absolute  values 

0.37 

0.03 

0.17 

1.18 

change  score  sds 

absolute  values 

0.26 

0.03 

0.17 

0.00 

change  score  sds 

absolute  values 

0.00 

0.03 

0.16 

0.00 

change  score  sds 

absolute  values 

0.00 

0.03 

0.16 

0.77 

change  score  sds 

absolute  values 

0.13 

0.03 

0.16 

other 

0.51 

0.05 

0.22 

other 

0.55 

0.09 

0.29 

other 

0.52 

0.08 

0.27 

-1.25 

0.72 

0.53 

percent  change  score  sds 

relative  values 

-0.46 

0.07 

0.27 

-1.57 

1.17 

1.38 

percent  change  score  sds 

relative  values 

-0.36 

0.07 

0.27 

-1.70 

0.99 

0.97 

percent  change  score  sds 

relative  values 

-0.46 

0.07 

0.27 

-1.68 

1.21 

1.46 

percent  change  score  sds 

relative  values 

-0.37 

0.07 

0.27 

-0.53 

1.54 

2.38 

percent  change  score  sds 

relative  values 

-0.09 

0.07 

0.27 

2.82 

change  score  sds 

absolute  values 

0.77 

0.21 

0.46 

0.22 

change  score  sds 

absolute  values 

0.06 

0.20 

0.45 

-1.07 

change  score  sds 

absolute  values 

-0.18 

0.06 

0.25 

-0.86 

change  score  sds 

absolute  values 

-0.17 

0.06 

0.25 

2.61 

change  score  sds 

absolute  values 

0.16 

0.06 

0.25 

-24.87 

0.00 

change  score  sds 

percent  change  score  sds 

absolute  values 

-0.51 

0.06 

0.25 

0.48 

0.39 

0.15 

change  score  sds 

percent  change  score  sds 

absolute  values 

0.12 

0.06 

0.25 

-0.54 

0.58 

0.34 

change  score  sds 

percent  change  score  sds 

absolute  values 

-0.11 

0.06 

0.25 

-3.54 

1.64 

2.69 

change  score  sds 

percent  change  score  sds 

absolute  values 

-0.25 

0.06 

0.25 

-1.03 

0.62 

0.38 

change  score  sds 

percent  change  score  sds 

absolute  values 

-0.18 

0.06 

0.25 

0.06 

0.54 

0.29 

change  score  sds 

percent  change  score  sds 

absolute  values 

0.02 

0.06 

0.25 

-0.14 

0.98 

0.96 

change  score  sds 

percent  change  score  sds 

absolute  values 

0.00 

0.06 

0.25 

0.38 

0.78 

0.61 

change  score  sds 

percent  change  score  sds 

absolute  values 

0.04 

0.06 

0.25 

-2.56 

change  score  sds 

absolute  values 

-0.47 

0.29 

0.53 

-3.00 

change  score  sds 

absolute  values 

-0.50 

0.29 

0.53 

1.28 

change  score  sds 

absolute  values 

0.18 

0.28 

0.53 

19.31 

change  score  sds 

absolute  values 

0.63 

0.29 

0.54 

-10.20 

change  score  sds 

absolute  values 

-0.45 

0.28 

0.53 
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es direction 

notes oc 

positive 

included  exercise  leg  of  control  group  versus  control  leg  of  exercise  group  in  analysis 

positive 

included  exercise  leg  of  control  group  versus  control  leg  of  exercise  group  in  analysis 

positive 

included  exercise  leg  of  control  group  versus  control  leg  of  exercise  group  in  analysis 

positive 

included  exercise  leg  of  control  group  versus  control  leg  of  exercise  group  in  analysis 

negative 

negative 

no  final  data  provided 

negative 

no  final  data  provided 

positive 

included  exercise  leg  of  control  group  versus  control  leg  of  exercise  group  in  analysis 

positive 

included  exercise  leg  of  control  group  versus  control  leg  of  exercise  group  in  analysis 

positive 

included  exercise  leg  of  control  group  versus  control  leg  of  exercise  group  in  analysis 

positive 

included  exercise  leg  of  control  group  versus  control  leg  of  exercise  group  in  analysis 

negative 

negative 

no  final  data  provided 

negative 

no  final  data  provided 

positive 

included  exercise  leg  of  control  group  versus  control  leg  of  exercise  group  in  analysis 

positive 

included  exercise  leg  of  control  group  versus  control  leg  of  exercise  group  in  analysis 

positive 

included  exercise  leg  of  control  group  versus  control  leg  of  exercise  group  in  analysis 

positive 

included  exercise  leg  of  control  group  versus  control  leg  of  exercise  group  in  analysis 

negative 

negative 

no  final  data  provided 

negative 

no  final  data  provided 

positive 

positive 

positive 

negative 

negative 

positive 

positive 

positive 

positive 

positive 

negative 

negative 

positive 

positive 

positive 

positive 

negative 

negative 

Outcome  Characteristics 


266 


positive 

positive 

negative 

no  final  data  provided 

negative 

positive 

positive 

positive 

positive 

negative 

positive 

positive 

positive 

positive 

negative 

no  final  data  provided 

positive 

positive 

positive 

g  calculated  from  p-value 

positive 

positive 

positive 

positive 

negative 

negative 

negative 

negative 

negative 

positive 

positive 

positive 

positive 

positive 

positive 

positive 

positive 

positive 

positive 

negative 

negative 

positive 

positive 
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positive 

positive 

positive 

positive 

positive 

positive 

positive 

positive 

positive 

positive 

positive 

negative 

no  final  data  provided 

negative 

no  final  data  provided 

positive 

negative 

no  final  data  provided 

negative 

no  final  data  provided 

negative 

no  final  data  provided 

positive 

no  final  data  provided 

positive 

no  final  data  provided 

positive 

positive 

positive 

positive 

positive 

positive 

positive 

positive 

negative 

negative 

negative 

positive 

negative 

positive 

positive 

positive 

positive 

positive 

positive 

negative 

negative 
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positive 

positive 

positive 

positive 

positive 

positive 

positive 

positive 

positive 

positive 

positive 

positive 

negative 

no  final  data  provided 

negative 

no  final  data  provided 

positive 

positive 

positive 

positive 

positive 

positive 

positive 

positive 

negative 

no  final  data  provided 

negative 

no  final  data  provided 

positive 

no  final  data  provided 

negative 

no  final  data  provided 

positive 

positive 

positive 

positive 

negative 

no  final  data  provided 

negative 

no  final  data  provided 

positive 

no  final  data  provided 

negative 

no  final  data  provided 

positive 

positive 

positive 

positive 

positive 

negative 

Outcome  Characteristics 


269 


negative 

positive 

no  final  data  provided 

positive 

positive 

positive 

negative 

negative 

positive 

no  final  data  provided 

positive 

positive 

positive 

positive 

positive 

positive 

positive 

positive 

positive 

positive 

negative 

negative 

negative 

positive 

no  final  data  provided 

positive 

positive 

positive 

positive 

positive 

positive 

positive 

positive 

negative 

positive 

positive 

positive 

positive 

negative 

no  final  data  provided 

negative 

no  final  data  provided 

negative 

no  final  data  provided 

positive 

no  final  data  provided 

positive 
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positive 

positive 

positive 

positive 

positive 

positive 

positive 

positive 

positive 

negative 

no  final  data  provided 

negative 

no  final  data  provided 

negative 

no  final  data  provided 

positive 

positive 

positive 

positive 

positive 

positive 

positive 

positive 

no  final  data  provided 

positive 

no  final  data  provided 

positive 

negative 

negative 

positive 

positive 

positive 

positive 

positive 

positive 

positive 

positive 

no  final  data  provided 

positive 

no  final  data  provided 

positive 

negative 

negative 

positive 

positive 

positive 

positive 
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positive 

positive 

positive 

positive 

no  final  data  provided 

positive 

no  final  data  provided 

positive 

negative 

negative 

positive 

positive 

positive 

positive 

positive 

positive 

positive 

positive 

no  final  data  provided 

positive 

no  final  data  provided 

positive 

negative 

negative 

positive 

positive 

positive 

positive 

positive 

positive 

negative 

no  final  data  provided 

negative 

no  final  data  provided 

positive 

positive 

positive 

negative 

positive 

negative 

negative 

no  final  data  provided 

negative 

no  final  data  provided 

positive 

no  final  data  provided 

positive 

no  final  data  provided 

positive 

positive 
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negative 

negative 

no  final  data  provided 

positive 

no  final  data  provided 

negative 
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Arthritis  &  Rheumatism,  Volume  64, 
November  2012  Abstract  Supplement 

Abstracts  of  the  American  College  of 

Rheumatology/Association  of  Rheumatology  Health  Professionals 
Annual  Scientific  Meeting 
Washington,  DC  November9-14,  2012. 


Bfects  Of  Ground  And  Joint  Reaction  Force  Exercise  On  Bone  Mineral 
Density  In  Postmenopausal  Women:  A  Meta-Analysis  Of  Randomized 
Controlled  Trials. 

Kelley1,  George  A.,  Kelley1,  Kristi  S.,  Kohrt2,  Wendy  M. 


West  Virginia  University,  Morgantown,  WV 
University  of  Colorado  @  Denver,  Aurora,  CO 


Bac  kground/  Purpose: 

Previous  randomized  controlled  trials  have  led  to  conflicting  findings 
regarding  the  effects  of  ground  and/orjoint  reaction  force  exercise  on 
femoral  neck  (FN)  and  lumbarspine  (LS)  bone  mineral  density  (BMD)  in 
postmenopausal  women.  The  purpose  of  this  study  wasto  use  the 
aggregate  data  meta-analytic  approach  to  resolve  these 
discrepancies. 

Methods: 

The  a  priori  inclusion  criteria  were:  (1)  randomized  controlled  trials,  (2) 
ground  and/orjoint  reaction  force  exercise  >24  weeks,  (3)  comparative 
control  group,  (4)  postmenopausal  women,  (5)  participants  not  regularly 
active,  (6)  published  and  unpublished  studies  in  any  language  since 
January  1,  1989,  (7)  BMD  data  available  atthe  FN  and/orLS.  Studies 
were  located  by  searching  sixelectronic  databases,  cross-referencing, 
hand  searching  and  expert  review.  Dual  selection  of  studiesand  data 
abstraction  were  performed.  Hedge's  standardized  effect  size  (g)  was 
calculated  foreach  FN  and  LS  BMD  result  and  pooled  using  random- 
effects  models.  Z-score  alpha  values,  95%confidence  interva Is (C I)  and 
number-needed -to-treat  (NNT)  were  calculated  forpooled  results. 
Heterogeneity  wasexa mined  using  Q  and  I2.  M ixed -effects  ANOVA  and 
simple  meta -regression  were  used  to  examine  changes  in  FN  and  LS 
BMD  according  to  selected  categorical  and  continuous  variables. 
Statistical  significance  wasset  at  an  alpha  value  <=0.05  and  a  trend  at 
>0.05  to  <=0.10. 

Results: 

Statistically  significant  exercise  minus  control  group  improvements  were 
found  forboth  FN  (28g's,  1632  participants,  g  =  0.288,  95%CI  =0.102, 

0.474,  p  =  0.002,  Q  =  90.5,  p  <0.0001,  l2=  70.1%  NNT  =  6)  a  nd  LS(28g's, 
1504  participants,  g  =  0.179,  95% Cl  =-0.003,  0.361,  p= 0.05,  Q  =77.7, 
p  <0.0001,  l2=  65.3%  NNT  =  6)  BMD.  None  of  the  mixed-effects  ANOVA 
analyses  were  statistically  significant.  For  both  FN  and  LS  BMD,  statistically 
significant,  ora  trend  fo r sta tistic a lly  significant  and  positive  associations 
were  observed  forintensity  of  training  and  compliance  (joint  reaction 
force  exercise  only)  as  well  aschanges  in  static  balance.  Inverse 
associations  were  observed  forcompliance  (combined  ground  and  joint 
reaction  force  exercise)  aswell  aschanges  in  body  mass  index,  body 
weight  and  percent  body  fat.  When  limited  to  the  LS,  statistically 
significant,  ora  trend  for  sta  tistic  a  lly  significant  and  positive  associations 
were  found  forage,  yearspostmenopausal  and  changes  in  lean  body 
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(minutes persession,  ground  reaction  force  exercise  only),  total  minutes 

oftraining  per  week  (ground  reaction  force  exercise  only),  compliance 

(combined  ground  and  joint  reaction  force  exercise)  and  changes  in 

aerobic  fitness. 

Conclusion: 

Exercise  benefits  FN  and  LS  BMD  in  postmenopausal  women.  Several  of 
the  observed  associations  appear  worthy  of  further  investigation  in  well- 
designed  randomized  controlled  trials. 
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Presentation  Abstract 


Session:  C-33-Exercise  is  Medicine  -  Implications  for  Body  Composition 

Thursday,  May  30,  2013,  7:30  AM  -12:30  PM 

Presentation:  1206  -  Exercise  and  Bone  Mineral  Density  in  Premenopausal  Women:  A  Meta-Analysis 
of  Randomized  Controlled  Trials 


Location:  Hall  C,  Poster  Board:  151 


Pres.  Time:  Thursday,  May  30,  2013,  8:00  AM  -  9:30  AM 


Category:  1200.  Exercise  is  Medicine  -  Focuses  on  the  impact  of  physical  activity  on  health  and  the 

prevention  and  treatment  of  disease  and  disability  in  clinical  settings 

Author(s):  George  A.  Kelley,  FACSM1,  Kristi  S.  Kelley1,  Wendy  M.  Kohrt,  FACSM2.  1  West  Virginia 

University,  Morgantown,  WV.  2  University  of  Colorado  Denver,  Aurora,  CO. 


Abstract:  Maintaining  optimal  bone  mineral  density  (BMD)  during  the  premenopausal  years  is 

important  for  reducing  the  risk  of  osteoporosis  and  subsequent  fractures  during  the 
postmenopausal  years.  Previous  randomized  controlled  trials  addressing  the  effects  of  joint 
and/or  ground  reaction  force  exercise  on  femoral  neck  (FN)  and  lumbar  spine  (LS)  BMD  in 
premenopausal  women  have  led  to  conflicting  and  less  than  overwhelming  results. 
PURPOSE:  Examine  the  effects  of  exercise  on  FN  and  LS  BMD  in  premenopausal  women. 
METHODS:  Meta-analysis  of  randomized  controlled  exercise  trials  >24  weeks  in 
premenopausal  women.  Standardized  effect  sizes  (g)  were  calculated  for  each  result  and 
pooled  using  random-effects  models,  Z -score  alpha  values,  95%  confidence  intervals  (Cl)  and 
number-needed-to-treat  (NNT).  Heterogeneity  was  examined  using  Q  and  I-squared. 
Moderator  and  predictor  analyses  using  mixed-effects  ANOVA  and  simple  meta-regression 
were  conducted.  Statistical  significance  was  set  at  p  <0.05.  RESULTS:  Statistically 
significant  improvements  were  found  for  both  FN  (7  g’s,  466  participants,  g=0.342,  95% 
0=0.132,  0.553,^=0.001,  Q=10.8,/-=0.22, I-squared= 25.7%,  NNT=5)  and  LS  (6  g’s,  402 
participants,  g=0.201,  95%  0=0.009,  0.394,  /?— 0.04,  Q=3.3, p=0.65,  l-squared=0%,  NNT=9) 
BMD.  A  trend  for  greater  benefits  in  FN  BMD  was  observed  for  studies  published  in 
countries  other  than  the  United  States  and  for  those  who  participated  in  home  versus  facility- 
based  exercise.  Statistically  significant,  or  a  trend  for  statistically  significant,  associations 
were  observed  for  7  different  moderators  and  predictors,  6  for  FN  BMD  and  1  for  LS  BMD. 
CONCLUSIONS:  Exercise  benefits  FN  and  LS  BMD  in  premenopausal  women.  The 
observed  moderators  and  predictors  deserve  further  investigation  in  well-designed 
randomized  controlled  trials. 
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Presentation  Abstract 


Session:  D-33-Physical  Activity  Interventions/Promotion  in  Adults 

Thursday,  May  30,  2013,  1:00  PM  -  6:00  PM 

Presentation:  1599  -  Exercise  and  Bone  Mineral  Density  in  Men:  A  Meta-Analysis  of  Randomized 
Controlled  Trials 


Location:  Hall  C,  Poster  Board:  191 


Pres.  Time:  Thursday,  May  30,  2013,  3:30  PM  -  5:00  PM 

Category:  5501.  Physical  Activity/Health  Promotion  Interventions  -  physical  activity  interventions 


Keywords:  exercise;  bone;  meta-analysis 

Author(s):  George  A.  Kelley,  FACSM1,  Kristi  S.  Kelley1,  Wendy  M.  Kohrt,  FACSM2.  1 West  Virginia 

University,  Morgantown,  WV.  2  University  of  Colorado  Denver,  Aurora,  CO. 


Abstract:  Osteoporosis  and  osteopenia  are  major  public  health  problems  in  men  50  years  of  age  and 

older.  Previous  research  regarding  the  effects  of  exercise  on  bone  mineral  density  (BMD)  in 
men  has  reached  conflicting  results.  PURPOSE:  Use  the  meta-analytic  approach  to  examine 
the  effects  of  ground  and/or  joint  reaction  force  exercise  on  femoral  neck  (FN)  and  lumbar 
spine  (LS)  BMD  in  men.  METHODS:  Randomized  controlled  exercise  trials  >24  weeks 
were  included.  Standardized  effect  sizes  (g)  were  calculated  and  pooled  using  random-effects 
models,  Z -score  alpha  values  and  95%  confidence  intervals  (Cl).  Heterogeneity  was 
examined  using  Q  and  I-squared.  Statistical  significance  was  set  at  a  two-tailed  alpha  value 
( p )  of  <0.05  and  a  trend  at  >0.05  to  <  0. 10.  RESULTS:  A  moderate  and  statistically 
significant  improvement  was  found  at  the  FN  (3  g’s,  187  participants,  g=0.583,  95% 

0=0.031,  1 . 1 35,  /j=0.04,  Q=5.6,  /;=().  06, I-squared=  64%)  while  a  small  trend  was  observed 
at  the  LS  (5  g’s,  275  participants,  g=0.190,  95%  Cl  =  -0.036,  0.416,/>=0.10,  Q=3.0,^=0.55, 1- 
squared=0%).  Results  were  sensitive  to  influence  analysis  as  well  as  collapsing  multiple 
groups  from  the  same  studies  so  that  only  one  g  represented  each  study.  CONCLUSIONS: 
There  is  currently  insufficient  evidence  to  recommend  ground  and/or  joint  reaction  force 
exercise  for  improving  and/or  maintaining  FN  and  LS  BMD  in  men.  Additional  well-designed 
randomized  controlled  trials  are  needed  before  any  final  recommendations  can  be  formulated. 


Disclosures:  G.A.  Kelley:  None. 
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Kelley  ef  al.  BMC  Musculoskeletal  Disorders  2012,  13:1 77 
http://www.biomedcentral.com/1471-2474/13/177 


BMC 

Musculoskeletal  Disorders 


Effects  of  ground  and  joint  reaction  force  exercise 
on  lumbar  spine  and  femoral  neck  bone  mineral 
density  in  postmenopausal  women:  a 
meta-analysis  of  randomized  controlled  trials 


George  A  Kelley* 1*,  Kristi  S  Kelley1  and  Wendy  M  Kohrt2 


Abstract 

Background:  Low  bone  mineral  density  (BMD)  and  subsequent  fractures  are  a  major  public  health  problem  in 
postmenopausal  women.  The  purpose  of  this  study  was  to  use  the  aggregate  data  meta-analytic  approach  to 
examine  the  effects  of  ground  (for  example,  walking)  and/or  joint  reaction  (for  example,  strength  training)  exercise 
on  femoral  neck  (FN)  and  lumbar  spine  (LS)  BMD  in  postmenopausal  women. 

Methods:  The  a  priori  inclusion  criteria  were:  (1)  randomized  controlled  trials,  (2)  exercise  intervention  >  24  weeks, 
(3)  comparative  control  group,  (4)  postmenopausal  women,  (5)  participants  not  regularly  active,  i.e.,  less  than 
150  minutes  of  moderate  intensity  (3.0  to  5.9  metabolic  equivalents)  weight  bearing  endurance  activity  per  week, 
less  than  75  minutes  of  vigorous  intensity  (>  6.0  metabolic  equivalents)  weight  bearing  endurance  activity  per 
week,  resistance  training  <  2  times  per  week,  (6)  published  and  unpublished  studies  in  any  language  since  January 
1,  1989,  (7)  BMD  data  available  at  the  FN  and/or  LS.  Studies  were  located  by  searching  six  electronic  databases, 
cross-referencing,  hand  searching  and  expert  review.  Dual  selection  of  studies  and  data  abstraction  were 
performed.  Hedge's  standardized  effect  size  (g)  was  calculated  for  each  FN  and  LS  BMD  result  and  pooled  using 
random-effects  models.  Z -score  alpha  values,  95%confidence  intervals  (Cl)  and  number-needed-to-treat  (NNT)  were 
calculated  for  pooled  results.  Heterogeneity  was  examined  using  Q  and  I2.  Mixed-effects  ANOVA  and  simple 
meta-regression  were  used  to  examine  changes  in  FN  and  LS  BMD  according  to  selected  categorical  and 
continuous  variables.  Statistical  significance  was  set  at  an  alpha  value  <0.05  and  a  trend  at  >0.05  to  <0.10. 

Results:  Small,  statistically  significant  exercise  minus  control  group  improvements  were  found  for  both  FN  (28g's, 
1632  participants,  g  =  0.288,  95%  0  =  0.102,  0.474,  p  =  0.002,  Q  =  90.5,  p<  0.000 1,  /2  =  70.1%,  NNT  =  6)  and  LS  (28  g's, 
1504  participants,  g  =  0.1 79,  95%  Cl  =  -0.003,  0.361,  p  =  0.05,  Q  =  77.7,  p<  0.0001,  /2  =  65.3%,  NNT  =  6)  BMD.  Clinically, 
it  was  estimated  that  the  overall  changes  in  FN  and  LS  would  reduce  the  20-year  relative  risk  of  osteoporotic 
fracture  at  any  site  by  approximately  1 1%  and  10%,  respectively.  None  of  the  mixed-effects  ANOVA  analyses  were 
statistically  significant.  Statistically  significant,  or  a  trend  for  statistically  significant,  associations  were  observed  for 
changes  in  FN  and  LS  BMD  and  20  different  predictors. 

Conclusions:  The  overall  findings  suggest  that  exercise  may  result  in  clinically  relevant  benefits  to  FN  and  LS  BMD 
in  postmenopausal  women.  Several  of  the  observed  associations  appear  worthy  of  further  investigation  in 
well-designed  randomized  controlled  trials. 

Keywords:  Exercise,  Bone,  Osteoporosis,  Women,  Postmenopausal,  Aging,  Meta-analysis,  Systematic  review 
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Background 

Osteoporosis  is  a  major  public  health  problem  affecting  an 
estimated  200  million  women  worldwide  [1].  Congruent 
with  osteoporosis  is  an  increased  risk  for  osteoporosis- 
related  fractures,  especially  in  women  during  the  postme¬ 
nopausal  years,  generally  considered  to  begin  around 
50  years  of  age  [2].  Comparatively,  the  lifetime  risk  of  an 
osteoporosis-related  fracture  in  women  is  equivalent  to 
the  risk  of  developing  cardiovascular  disease  [3].  The  two 
most  common  sites  for  osteoporosis-related  fractures  are 
the  hip  and  the  spine,  with  an  estimated  worldwide  preva¬ 
lence  of  1.1  million  and  862,000,  respectively,  in  women 
50  years  of  age  and  older  in  the  year  2000  [2].  In  the  Uni¬ 
ted  States,  the  total  annual  costs  associated  with 
osteoporosis-related  fractures  were  more  than  $19  billion 
in  2005  with  a  predicted  increase  to  $25.3  billion  in  2025 
[4].  The  majority  of  the  costs  in  2005  were  attributed  to 
fractures  of  the  hip  (72%)  followed  by  the  spine  (6%)  [4]. 

Prevention  of  osteoporosis  has  focused  on  maximizing 
bone  mineral  density  (BMD)  during  childhood  and  ado¬ 
lescence  and  maintaining  BMD  during  adulthood  [5,6]. 
Preventive  measures  include  adequate  calcium  and  vita¬ 
min  D  intake  as  well  as  avoiding  cigarette  smoking  and 
excessive  alcohol  intake  [5,6].  In  addition,  ground  reaction 
(for  example,  jogging)  and  joint  reaction  (for  example, 
strength  training)  force  exercise  has  been  recommended 
across  the  lifespan  [5-8].  However,  the  results  of  previous 
randomized  controlled  exercise  intervention  trials  have 
reached  conflicting  and  underwhelming  conclusions 
regarding  the  effects  of  ground  reaction  and/or  joint  reac¬ 
tion  force  exercise  on  BMD  at  the  femoral  neck  (FN)  and 
lumbar  spine  (LS)  in  postmenopausal  women  [9-33].  For 
example,  using  the  vote-counting  approach,  only  29%  of 
the  exercise  versus  control  group  differences  in  FN  BMD 
have  been  reported  as  statistically  significant  and  in  the 
direction  of  benefit  while  even  fewer  (11%)  have  been 
reported  at  the  LS  [9-33].  Based  on  these  findings,  one 
might  reach  the  general  conclusion  that  ground  and  joint 
reaction  force  exercise  have  little  or  no  effect  on  FN  and 
LS  BMD.  However,  reliance  on  a  vote-counting  approach 
based  on  statistical  significance  can  be  extremely  mislead¬ 
ing  since  the  absence  of  a  statistically  significant  effect 
does  not  mean  that  an  effect  is  absent  [34].  In  contrast, 
meta-analysis  allows  one  to  go  beyond  statistical  signifi¬ 
cance  and  focus  on  the  magnitude  of  effect.  It  is  a  quanti¬ 
tative  approach  for  combining  the  results  of  studies.  The 
strengths  of  meta-analysis  include:  (1)  increased  power,  (2) 
improved  estimates  of  effect  size  (ES),  and  (3)  the  poten¬ 
tial  to  resolve  disagreements  between  studies  [35]. 

While  a  number  of  meta-analyses  have  been  conducted 
on  the  effects  of  exercise  on  FN  and  LS  BMD  in  adults 
[36-54],  fewer  have  focused,  or  partitioned  data,  according 
to  randomized  controlled  trials  in  postmenopausal  women 
[37,39,48-51,53].  One  meta-analysis  that  included  studies 


published  up  to  December,  1995  found  a  statistically 
significant  exercise  minus  control  group  benefit  of 
0.73%  in  LS  BMD  as  a  result  of  joint  and/or  ground  re¬ 
action  force  exercise  in  postmenopausal  women  [39]. 
Another  meta-analysis  that  included  studies  published 
up  to  January,  1998  reported  a  statistically  significant 
benefit  in  FN  and  LS  BMD  ranging  from  0.9%  to  1.6% 
as  a  result  of  impact  and  non-impact  exercise  among 
postmenopausal  women  [53].  However,  both  meta¬ 
analyses  were  limited  to  studies  published  more  than 
14  years  ago.  Since  that  time,  additional  randomized 
controlled  trials  with  inconsistent  findings  have  been 
published  [10-12,14-17,19-22,24-27,30,32,33].  In  addition, 
guidelines  for  the  improved  conduct  of  meta-analysis  have 
been  developed  [47]. 

A  modality-specific,  joint  reaction  force  meta-analysis 
that  included  studies  published  up  to  December  2004 
found  a  statistically  significant  benefit  of  0.006  g/cm2  in 
LS  BMD  and  a  non-significant  benefit  of  0.010  g/cm2  in 
FN  BMD  as  a  result  of  high-intensity  resistance  exercise 
in  postmenopausal  women  [49].  Another  modality- 
specific  meta-analysis  by  the  same  research  group  which 
included  studies  published  through  December  2006 
reported  a  non-statistically  significant  benefit  in  FN  and 
LS  BMD  in  postmenopausal  women  as  a  result  of  walk¬ 
ing  [50].  These  findings  suggest  that  walking,  a  lower 
impact,  ground  reaction  force  exercise,  may  have  little 
benefit  on  FN  and  LS  BMD  in  postmenopausal  women. 
The  same  research  group  also  published  another  meta¬ 
analysis  that  included  studies  published  to  2008  [51]. 
When  limited  to  randomized  controlled  trials  and  a 
random-effects  model,  a  statistically  significant  benefit 
of  0.004  g/cm2  was  found  for  FN  BMD  with  no  statisti¬ 
cally  significant  benefit  observed  at  the  LS  as  a  result  of 
exercise  in  postmenopausal  women  [51].  More  recently, 
a  Cochrane  systematic  review  by  Howe  et  al.  reported  a 
statistically  significant  exercise  minus  control  group 
benefit  of  0.85%  in  LS  BMD  but  no  significant  change  in 
FN  BMD  (-0.08%)  as  a  result  of  joint  and/or  ground  re¬ 
action  force  exercise  in  postmenopausal  women  [37]. 
However,  this  systematic  review  did  not  appear  to  be 
limited  to  studies  in  which  participants  had  been  previ¬ 
ously  participating  in  exercise  levels  below  that  currently 
recommended  for  bone  health  [8].  Consequently,  the 
benefits  of  exercise  could  have  been  underestimated. 
Another  meta-analysis  reported  a  statistically  significant 
benefit  of  0.014  g/cm2  and  0.012  g/cm2,  respectively,  for 
both  FN  and  LS  BMD  in  females  60  years  of  age  and 
older  [48].  However,  similar  to  the  work  of  Howe  et  al. 
[37],  participants  did  not  appear  to  be  limited  to  those 
who  were  participating  in  exercise  levels  below  that  cur¬ 
rently  recommended  for  bone  health  [8].  In  addition,  all 
studies  were  coded  by  one  person,  thereby  increasing 
the  risk  for  coding  errors  [47],  A  potential  reason  for  the 
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discrepancy  in  findings  for  FN  BMD  between  the  Howe 
et  al.  [37]  and  Marques  et  al.  [48]  reviews  may  be 
accounted  for  by  the  fact  that  the  latter  meta-analysis 
limited  studies  to  those  in  adults  60  years  of  age  and 
older.  This  raises  the  possibility  that  older  postmenopau¬ 
sal  women  may  have  more  to  gain  from  a  regular  exer¬ 
cise  program.  Finally,  because  the  number  of  analyses 
aimed  at  trying  to  establish  the  association  between 
selected  covariates  and  changes  in  FN  and  LS  BMD  was 
limited  for  all  of  the  previously  described  meta-analyses, 
potentially  important  covariates  could  have  been  missed. 

A  need  exists  for  an  updated  and  thorough  meta¬ 
analysis  on  the  effects  of  different  ground  and  joint  reac¬ 
tion  force  exercises,  either  alone  or  in  combination,  on 
FN  and  LS  BMD  in  postmenopausal  women  not  partici¬ 
pating  in  exercise  levels  currently  recommended  for 
bone  health  [8].  Therefore,  the  purpose  of  this  study  was 
to  use  the  aggregate  data  meta-analytic  approach  to  de¬ 
termine  the  effects  of  ground  and/or  joint  reaction  force 
exercise  on  BMD  at  the  FN  and  LS  in  postmenopausal 
women  not  participating  in  exercise  levels  currently 
recommended  for  bone  health  [8]. 

Methods 

Study  eligibility  criteria 

The  a  priori  inclusion  criteria  for  this  meta-analysis  were 
as  follows:  (1)  randomized  controlled  trials,  (2)  exercise 
intervention  >  24  weeks,  (3)  comparative  control  group 
(attention  control,  non-intervention,  etc.),  (4)  postmeno¬ 
pausal  women,  as  defined  by  the  authors,  (5)  participants 
not  currently  participating  in  any  type  of  regular  joint 
and/or  ground  reaction  force  exercise,  as  defined  by  the 
authors,  (6)  published  and  unpublished  (master’s  theses 
and  dissertations)  studies  in  any  language  since  January 
1,  1989  and  (7)  BMD  (relative  value  of  bone  mineral  per 
measured  bone  area  or  volume)  assessed  at  the  FN  and/ 
or  LS  using  dual-energy  x-ray  absorptiometry  (DEXA) 
or  dual-photon  absorptiometry  (DPA).  Given  the  hetero¬ 
geneity  of  reporting  by  the  authors  with  respect  to  previ¬ 
ous  exercise  in  participants,  we  revised  our  inclusion 
criteria  post  hoc  so  that  only  participants  who  performed 
less  than  150  minutes  of  moderate  intensity  (3.0  to  5.9 
metabolic  equivalents)  weight  bearing  endurance  activity 
per  week,  less  than  75  minutes  of  vigorous  intensity  (>  6.0 
metabolic  equivalents)  weight  bearing  endurance  activity 
per  week,  resistance  training  <2  times  per  week,  were 
included  [7].  Studies  were  limited  to  those  in  which  ex¬ 
ercise  was  performed  for  at  least  6  months  since  it  has 
been  suggested  that  one  can  generally  expect  exercise- 
induced  changes  in  BMD  to  occur  after  approximately 
this  length  of  time  [55].  Resistance  training  studies  were 
included  only  if  lower  body  exercises  were  part  of  the  ex¬ 
ercise  program.  The  year  1989  was  chosen  as  the  starting 
point  for  the  inclusion  of  studies  because  it  appeared  to 


be  the  first  year  in  which  a  randomized  controlled  inter¬ 
vention  trial  on  exercise  and  BMD  in  postmenopausal 
women  was  conducted  [56].  Studies  were  limited  to  those 
in  which  BMD  at  the  FN  and  LS  were  assessed  using  ei¬ 
ther  DPA  or  DEXA  since  they  are/have  been  the  most 
common  instruments  for  assessing  BMD  in  the  clinical  set¬ 
ting.  Only  those  groups  that  met  the  inclusion  criteria 
were  included  from  each  study.  Any  studies  not  meeting  all 
of  the  above  criteria  were  excluded  from  the  meta-analysis. 

Data  sources 

Studies  were  retrieved  using  the  following  six  electronic 
databases:  (1)  Medline  (within  EBSCO  host),  (2)  Embase, 

(3)  Cochrane  Central  Register  of  Controlled  Trials  (CEN¬ 
TRAL),  (4)  Dissertation  Abstracts  Online  (DAO),  (5) 
CINAHL  (within  EBSCOhost),  and  (6)  SPORTDiscus 
(within  EBSCOhost).  The  last  search  was  conducted  in 
August,  2011.  All  electronic  searches  were  conducted  by 
the  second  author  with  assistance  from  a  Health  Sciences 
librarian  at  West  Virginia  University.  While  the  search 
strategies  used  varied  according  to  the  different  databases 
searched,  three  key  words,  or  forms  of  keywords,  ger¬ 
mane  to  all  searches  were  ‘exercise’,  ‘bone’  and  ‘ran¬ 
domized’.  An  example  of  the  search  strategy  used  for 
one  of  the  electronic  database  searches  (SPORTDiscus) 
is  shown  in  Additional  file  1.  In  addition  to  electronic 
searches,  cross-referencing  from  retrieved  studies  and 
previous  review  articles,  both  systematic  and  narrative, 
was  performed.  Furthermore,  hand  searches  of  selected 
journals  were  conducted. 

Study  selection 

All  studies  were  selected  by  the  first  two  authors,  inde¬ 
pendent  of  each  other.  Disagreements  regarding  the  final 
list  of  studies  to  include  were  resolved  by  consensus.  If 
consensus  could  not  be  reached,  the  third  author  acted 
as  an  arbitrator.  After  an  initial  list  of  included  studies 
was  developed,  the  third  author  reviewed  the  list  for 
completeness.  All  included  studies  as  well  as  a  list  of 
excluded  studies,  including  reasons  for  exclusion,  were 
stored  in  Reference  Manager  (version  12.0.1)  [57]. 

Data  abstraction 

Prior  to  data  abstraction,  a  detailed  codebook  that  could 
hold  more  than  245  items  per  study  was  developed  by 
all  three  members  of  the  research  team  in  Microsoft 
Excel  2007  [58].  The  major  categories  of  variables  that 
were  coded  included:  (1)  study  characteristics,  (2)  sub¬ 
ject  characteristics,  (3)  exercise  program  characteristics, 

(4)  primary  outcomes  and  (5)  secondary  outcomes.  The 
primary  outcomes  for  this  study  were  BMD  at  the  FN 
and  LS.  Secondary  outcomes  included  other  measures  of 
BMD  (Ward’s  triangle,  total  hip,  trochanteric,  intertro¬ 
chanteric,  whole  body,  radius)  as  well  as  number  of 
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fractures,  aerobic  fitness,  dynamic  and  static  balance, 
body  weight,  body  mass  index  (BMI),  lean  body  mass 
(LBM),  fat  mass,  percent  body  fat,  upper  and  lower  body 
muscular  strength,  and  calcium  and  vitamin  D  intake. 
Missing  primary  outcome  data  were  requested  from  the 
author(s).  Multiple  publication  bias  was  avoided  by  only 
including  data  from  the  most  recently  published  study. 

As  part  of  the  coding  process,  the  effective  load  rating  for 
the  exercise  intervention  from  each  study  was  calculated 
using  a  recentiy  developed,  age-adjusted  formula  [59].  This 
included  the  frequency  of  exercise  per  week  along  with  the 
effective  load  rating,  calculated  as  the  product  of  peak  verti¬ 
cal  ground  reaction  force  and  the  rate  of  force  application 

[59] .  Given  the  multiple  types  of  exercises  used  in  many  of 
the  studies,  it  was  not  possible  to  calculate  effective  load 
ratings  specific  to  each  activity  within  each  study.  There¬ 
fore,  the  broad  categories  recommended  by  previous  work 
were  used  [59].  These  included  numerical  effective  load  rat¬ 
ings  equivalent  to  low  (walking,  etc.),  moderate  (tennis, 
etc.)  and  high  (jumping,  etc.)  forces  [59].  Effective  load  rat¬ 
ings  were  also  provided  for  strength  training  [59].  All  stud¬ 
ies  were  coded  by  the  first  two  authors,  independent  of 
each  other.  They  then  met  and  reviewed  every  entry  for  ac¬ 
curacy  and  consistency.  Discrepancies  were  resolved  by 
consensus.  If  consensus  could  not  be  reached,  the  third  au¬ 
thor  served  as  an  arbitrator. 

Risk  of  bias 

The  Cochrane  Collaboration  risk  of  bias  instrument  was 
used  to  assess  bias  across  five  categories:  (1)  sequence 
generation,  (2)  allocation  concealment,  (3)  blinding  to 
group  assignment,  (4)  incomplete  outcome  data  and  (5) 
incomplete  outcome  reporting  [60].  Each  item  was  classi¬ 
fied  as  having  either  a  high,  low,  or  unclear  risk  of  bias 

[60] .  Assessment  for  risk  of  bias  was  limited  to  the  pri¬ 
mary  outcomes  of  interest,  i.e.  FN  and  LS  BMD.  Given  the 
objective  nature  of  BMD  assessment,  all  studies  were  con¬ 
sidered  to  be  at  a  low  risk  of  bias  with  respect  to  blinding 
unless  the  study  reported  some  reason  for  such.  For  in¬ 
complete  outcome  reporting,  studies  were  considered  to 
be  at  an  unclear  risk  for  bias  if  studies  did  not  report  a 
study  protocol  identification  number  to  confirm  assessed 
outcomes.  No  study  was  excluded  based  on  the  results  of 
the  risk  of  bias  assessment  [61].  All  assessments  were  per¬ 
formed  by  the  first  two  authors,  independent  of  each 
other.  Both  authors  then  met  and  reviewed  every  item  for 
agreement.  Disagreements  were  resolved  by  consensus. 

Statistical  analysis 

Calculation  of  effect  sizes  for  primary  and  secondary 
outcomes  from  each  study 

Given  the  different  methods  of  reporting  results  for  pri¬ 
mary  outcomes,  i.e.,  FN  and  LS  BMD,  the  standardized 
mean  difference  effect  size  (g),  adjusted  for  small  sample 


bias,  was  calculated  from  each  study  in  order  to  create  a 
common  metric  for  the  pooling  of  findings  [62].  Since 
all  studies  were  parallel,  randomized  controlled  trials 
[9-33],  the  g  for  each  outcome  from  each  study  was  cal¬ 
culated  as  the  difference  in  change  scores  between  the 
exercise  and  control  groups  divided  by  the  pooled  SD 
of  the  change  scores  [62].  For  studies  in  which  change 
outcome  SDs  for  the  exercise  and  control  groups  were 
not  reported,  these  were  estimated  for  the  exercise  and 
control  groups  using  pre-and  post-intervention  means 
and  SDs  according  to  the  approach  of  Follmann  et  al. 
[63].  For  studies  that  did  not  allow  for  such  calculations 
using  the  aforementioned  methods,  g  was  calculated 
using  the  reported  95%  confidence  intervals  (95%  CIs). 
After  calculating  g  from  each  study,  its  variance  was 
estimated  using  previously  developed  procedures  [62]. 
The  beneficial  effects  of  exercise  on  FN  and  LS  BMD 
were  denoted  by  a  positive  g. 

Secondary  outcomes  from  each  study  were  calculated 
using  either  g  (Ward’s  triangle,  total  hip,  trochanteric, 
whole  body,  radius,  calcaneus,  aerobic  fitness,  dynamic 
and  static  balance,  upper  and  lower  body  muscular 
strength)  or  the  original  metric  (body  weight  in  kilograms, 
BMI  in  kilogram  per  meters-squared,  LBM  in  kilograms, 
fat  mass  in  kilograms  and  percent  of  body  weight,  calcium 
intake  in  milligrams,  vitamin  D  intake  in  micrograms). 

Pooled  estimates  for  FN  and  LS  BMD 

Random-effects,  method-of-moments  models  that  in¬ 
corporate  heterogeneity  into  the  overall  estimate  were 
used  to  pool  results  for  FN  and  LS  BMD  as  well  as  sec¬ 
ondary  outcomes  from  each  study  [64].  Multiple  groups 
from  the  same  study  were  analyzed  independently  as 
well  as  collapsing  multiple  groups  so  that  only  one  ES 
represented  each  outcome  from  each  study.  For  the  one 
study  that  included  both  per-protocol  and  intention-to- 
treat  analyses,  the  more  conservative  intention-to-treat 
results  were  used  [10].  While  the  same  study  assessed 
LS  BMD  at  both  the  L1-L4  and  L2-L4  sites  [10],  data  are 
reported  using  the  L1-L4  sites  based  on  the  International 
Society  for  Clinical  Densitometry  2007  Position  Stand 
recommending  that  L1-L4  be  used  for  LS  BMD  meas¬ 
urement  [65].  A  z-score  two-tailed  alpha  value  of  <0.05 
was  considered  to  be  statistically  significant.  Alpha 
values  >0.05  but  <0.10  were  considered  as  a  trend.  To 
determine  the  precision  of  these  estimates,  two-tailed 
95%  confidence  intervals  (CIs)  were  also  calculated. 
Analysis  of  secondary  outcomes  was  considered  explora¬ 
tory  because  they  were  not  part  of  the  inclusion  criteria, 
and  thus,  may  represent  a  biased  sample. 

In  terms  of  magnitude,  values  for  those  outcomes  in 
which  g  was  used  may  be  classified  as  either  trivial  (<0.20), 
small  (>0.20  to  <0.50),  medium  (>0.50  to  <0.80),  or  large 
(>0.80)  [66].  A  ^  of  0.20,  for  example,  means  that  exercise 
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would  result  in  a  0.20  SD  benefit  over  those  who  did  not 
exercise.  Given  that  the  interpretation  of  g  can  be  difficult 
with  respect  to  clinical  and  practical  relevance  [67],  the 
number  needed  to  treat  (NNT)  was  estimated  for  FN  and 
LS  BMD  from  pooled  g's  using  procedures  described  by 
Kraemer  and  Kupfer  [68].  For  continuous  data,  the  event  is 
the  increase  in  BMD  of  magnitude  g.  In  addition,  the  NNT 
was  used  to  provide  a  gross  estimate  of  the  number  of  US 
women  50  years  of  age  and  older  who  could  achieve  benefit 
in  FN  and  LS  BMD  by  initiating  and  maintaining  a  regular 
exercise  program.  This  estimate  was  based  on  US  Census 
Data  for  the  number  of  women  50  years  of  age  and  older  in 
the  US  (53,410,602)  [69]  and  Healthy  People  2020  Object¬ 
ive  PA-2.4  for  increasing  by  10%  the  number  of  adults  who 
meet  current  physical  activity  guidelines  for  aerobic  and 
muscle-strengthening  activity  [70].  Based  on  the  most  re¬ 
cently  available  physical  activity  estimates  for  US  adult 
females,  this  means  an  increase  in  physical  activity  from 
14.9%  to  approximately  16.4%,  a  1.49%  increase  [71]. 

Stability  and  validity  of  changes  in  g  for  FN  and  LS  BMD 

Heterogeneity  of  results  between  studies  was  examined 
using  Q  as  well  as  an  extension  of  the  Q  statistic,  I2  [72] . 
Statistical  significance  for  Q  was  set  at  an  alpha  value  of 
<0.10.  For  I2  values  of  25%  to  <50%,  50%  to  <75%,  and 
>75%  may  be  considered  to  represent  small,  medium, 
and  large  amounts  of  inconsistency,  respectively  [72].  To 
determine  treatment  effects  in  a  new  trial,  95%  predic¬ 
tion  intervals  were  also  calculated  [73,74]. 

Publication  bias  was  examined  using  the  trim  and  fill 
approach  of  Duval  and  Tweedie  [75].  Potential  publica¬ 
tion  bias  was  considered  noteworthy  if  a  statistically  sig¬ 
nificant  finding  was  no  longer  significant  after  imputing 
potentially  missing  studies. 

In  order  to  examine  the  effects  of  each  g  from  each 
study  on  the  overall  findings,  results  were  analyzed  with 
each  study  deleted  from  the  model  once.  In  addition,  stan¬ 
dardized  residuals  >  3.0  were  considered  as  outliers  but 
not  arbitrarily  deleted  from  the  model.  Cumulative  meta¬ 
analysis,  ranked  by  year,  was  used  to  examine  the  accumu¬ 
lation  of  evidence  over  time  on  FN  and  LS  BMD  [76]. 

Moderator  analysis  for  FN  and  LS  BMD 

Between-group  differences  (Qb)  in  FN  and  LS  BMD  for 
categorical  variables  were  examined  using  mixed  effects 
ANOVA-like  models  for  meta-analysis  [77].  This  con¬ 
sisted  of  a  random  effects  model  for  combining  studies 
within  each  subgroup  and  a  fixed  effect-model  across 
subgroups  [77].  Study- to-study  variance  (tau-squared) 
was  considered  not  equal  for  all  subgroups.  This  value 
was  computed  within  subgroups  but  not  pooled  across 
subgroups.  Planned  categorical  variables  to  examine  a 
priori  and  in  which  each  category  had  at  least  3  g’s 
included:  country  in  which  the  study  was  conducted 


(USA,  other),  type  of  control  group  (non-intervention, 
other),  matching  procedures  (yes,  no),  risk  of  bias  as¬ 
sessment  (sequence  generation,  allocation  concealment, 
blinding,  incomplete  outcome  data,  outcome  reporting 
bias  according  to  low,  high  or  unclear  risk),  type  of  ana¬ 
lysis  (per-protocol,  intention-to-treat),  provision  of  sam¬ 
ple  size  estimates  (yes,  no),  external  funding  for  the 
study  (yes,  no),  adverse  events  (yes,  no),  whether  partici¬ 
pants  were  allowed  or  required  to  have  osteoporosis, 
whether  they  were  allowed  to  be  current  cigarette  smo¬ 
kers  and/or  consume  alcohol  (yes,  no),  changes  in  exer¬ 
cise  habits  beyond  the  exercise  intervention  (increase, 
decrease,  no  change),  no  prior  exercise  allowed  versus 
some  prior  exercise  but  less  than  that  recommended  by 
the  American  College  of  Sports  Medicine  (yes,  no)  [8], 
whether  calcium  and/or  vitamin  D  supplements  were 
given  during  the  study  (yes,  no),  type  of  exercise  (aer¬ 
obic,  strength,  both),  exercise  delivery  (supervised,  un¬ 
supervised,  both),  type  of  reaction  forces  (ground,  joint, 
both)  and  instrumentation  (Hologic,  Lunar).  The  two- 
tailed  alpha  value  for  a  statistically  significant  difference 
between  groups  (Qb)  was  set  at  p  <  0.05  with  values 
>0.05  but  <0.10  considered  as  a  trend.  All  moderator 
analyses  were  considered  exploratory  [78]. 

Meta-regression  for  FN  and  LS  BMD 

Simple  mixed-effects,  method  of  moments  meta¬ 
regression  was  used  to  examine  the  potential  association 
between  changes  in  FN  and  LS  BMD  and  continuous 
variables  with  at  least  3  g’s  [77].  Because  of  expected 
missing  data  for  different  variables  from  different  stud¬ 
ies,  only  simple  meta-regression  was  planned  and  per¬ 
formed.  Potential  predictor  variables,  established  a 
priori,  included  year  of  publication,  percentage  of  drop¬ 
outs,  age  in  years  and  years  postmenopausal.  For  exer¬ 
cise  training,  variables  for  aerobic-only  groups  included 
length  (weeks),  frequency  (days  per  week),  intensity, 
expressed  as  a  percentage  of  maximum  oxygen  con¬ 
sumption  (%V02max)>  percentage  of  maximal  heart  rate 
(MHR)  or  heart  rate  reserve  (HRR),  duration  (minutes 
per  session),  minutes  of  training  per  week  and  compli¬ 
ance,  defined  as  the  percentage  of  exercise  sessions 
attended.  For  strength  training  only  groups,  variables 
included:  length  (weeks),  frequency  (days  per  week),  in¬ 
tensity,  expressed  as  a  percentage  of  one-repetition  max¬ 
imum  (%  1RM),  number  of  sets,  repetitions  and 
exercises,  rest  between  sets  (seconds)  and  compliance 
(%).  For  those  groups  that  performed  both  aerobic  and 
strength  training  concurrently,  variables  included:  length 
in  weeks,  frequency  (days  per  week)  and  percent  compli¬ 
ance.  Other  potential  predictors  included:  load  ratings 
and  baseline  BMD  as  well  as  changes  in  aerobic  fitness, 
dynamic  and  static  balance,  calcium  and  vitamin  D  in¬ 
take,  lower  and  upper  body  strength,  BMI  in  kg/m2, 
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body  weight,  LBM,  percent  body  fat  and  fat  mass.  The 
alpha  value  for  a  statistically  significant  association  was 
set  at  <0.05.  Alpha  values  >0.05  but  <0.10  were  consid¬ 
ered  as  a  trend  for  an  association.  All  meta-regression 
analyses  were  considered  exploratory  [78]. 

Results 

Study  characteristics 

A  general  description  of  the  characteristics  of  each  study 
is  shown  in  Additional  file  2.  Of  the  1,182  citations 
reviewed,  25  studies  representing  63  groups  (35  exercise, 
28  control)  and  final  assessment  of  FN  and/or  LS  BMD 
in  1775  participants,  were  included  [9-33].  One  study’s 
initial  exercise  inclusion  criteria  exceeded  the  exercise 
eligibility  criteria  for  the  current  meta- analysis  [23]. 
However,  a  decision  was  made  to  include  this  study  be¬ 
cause  it  was  apparent  upon  further  reading  that  the  ex¬ 
ercise  levels  of  the  participants  met  the  eligibility  criteria 
for  the  current  meta- analysis  [23].  Missing  primary  out¬ 
come  data  were  successfully  retrieved  from  three  studies 
[10-12].  The  number  of  exercise  participants  assessed 
was  991  while  the  number  of  controls  assessed  was  826. 
The  total  (1817)  exceeds  1775  because  one  study  had 
participants  exercise  one  side  of  the  body  while  the 
other  side  served  as  a  control  [23].  A  description  of  the 
search  process,  including  the  reasons  for  excluded  stud¬ 
ies,  is  shown  in  Figure  1.  The  number  of  intervention 
and  control  groups  exceeded  the  number  of  studies  be¬ 
cause  some  studies  included  more  than  one  intervention 
and/or  control  group  that  met  the  inclusion  criteria  for 
the  current  meta-analysis.  All  studies  were  published  in 
the  English  language  between  the  years  1992  and  2011 
[9-33].  Twenty-four  (96%)  were  published  in  journals 
[9-18,20-33]  while  one  was  a  dissertation  [19].  With 
respect  to  country  in  which  the  study  was  conducted, 
six  were  performed  in  the  United  States  [17,18,21,28-30], 
three  in  Australia  [23,24,31],  four  in  Canada  [14,15,25,32], 
two  each  in  either  Brazil  [11,12],  Japan  [20,33],  Por¬ 
tugal  [26,27],  Sweden  [10,16],  or  the  United  Kingdom 
[9,13],  and  one  each  in  China  [19]  and  Germany  [22], 
For  types  of  controls,  11  studies  (44%)  used  a  non¬ 
intervention  control  group  [9,11,12,16-19,26,27,29,32], 
while  14  others  (56%)  used  a  variety  of  comparative 
controls  [10,13-15,20-25,28,30,31,33].  Seven  of  25  studies 
(28%)  [12,16-19,22,25]  reported  using  the  following  match¬ 
ing  procedures:  (1)  age  [16,22],  (2)  use  of  menopausal 
hormone  therapy  [12,17],  (3)  gender  [19],  (4)  BMD  and 
bodyweight  [18],  (5)  postural  stability,  baseline  BMD  at 
the  total  hip  and  bisphosphonate  use  [25].  None  of  the 
studies  reported  using  a  crossover  design.  For  sample  size 
justification,  12  studies  (48%)  reported  data  regarding 
such  [9,10,12,14,16,19,21,22,25-27,30].  Nineteen  studies 
(76%)  reported  receiving  some  type  of  external  funding 
to  conduct  their  study  [9,13-17,19,21-31,33]. 


The  dropout  rate  ranged  from  0%  to  43%  for  the  30 
exercise  groups  for  which  data  were  available  (x  ±  SD  = 
17  ±  12%,  Mdn  =  12%)  and  0%  to  27%  for  the  24  control 
groups  in  which  data  were  available  for  (x  ±  SD  =  13± 
7%,  Mdn  =  15%).  Twelve  studies  (52%)  provided  one  or 
more  of  the  following  reasons  for  participants  dropping 
out  or  for  the  investigative  team  to  drop  participants 
from  the  study:  (1)  personal  health  problems  apparently 
unrelated  to  the  intervention  [13,16,17,26,27,29,30,33], 
(2)  time  [14,25,30],  (3)  lack  of  compliance  to  the  exercise 
intervention  [10,11],  (4)  personal  issues  not  related  to 
one’s  health  [11,13,26,27,33],  (5)  lack  of  interest  [26]  and 
(6)  moved  [30].  Five  studies  (20%)  reported  that  one  or 
more  participants  experienced  musculoskeletal  pain 
and/or  minor  musculoskeletal  injuries  as  a  result  of  the 
exercise  intervention  [9,18,24,29,30].  For  the  other  stud¬ 
ies,  a  lack  of  complete  data  were  available  regarding  any 
possible  pain  and/or  injuries  as  a  result  of  the  interven¬ 
tions.  No  serious  adverse  events  were  reported. 

Initial  physical  characteristics  of  the  participants  are 
shown  in  Table  1.  Fourteen  studies  (56%)  reported  data 
on  race/ethnicity  with  the  majority  of  participants  con¬ 
sisting  of  either  whites  [14,15,18,21,22,25-30]  or  Asians 
[19,20,33].  For  medication  usage,  two  studies  (8%) 
included  groups  in  which  all  participants  were  taking 
menopausal  hormone  therapy  [9,17]  while  four  studies 
(16%)  reported  that  some  participants  in  their  groups 
were  taking  hormone  therapy  [12,18,25,30].  One  study 
(4%)  reported  that  some  participants  were  taking  bispho- 
phonates  [25]  while  none  reported  the  use  of  glucocorti¬ 
coids.  With  regards  to  osteoporosis,  one  study  (4%)  was 
limited  to  participants  with  osteoporosis  [20]  while  three 
(12%)  reported  that  some  participants  had  osteoporosis 
[10,22,25].  Six  studies  (24%)  reported  that  some  partici¬ 
pants  had  osteopenia  [10,14,25-27,30].  Ten  studies  (40%) 
reported  that  some  participants  smoked  cigarettes 
[9,10,13,19,22,25-28,30],  while  two  (8%)  reported  that 
some  consumed  alcohol  [15,30].  One  study  (4%) 
reported  that  participants  in  the  exercise  intervention 
group  increased  their  physical  exercise  outside  the  inter¬ 
vention  while  the  control  group  decreased  their  physical 
activity  [29].  Ten  studies  (40%)  reported  giving  calcium 
to  participants  [10,14,17,20-22,24,28,30,31]  whereas  an¬ 
other  two  (8%)  provided  calcium  to  some  participants 
[9,29].  Vitamin  D  was  reportedly  provided  to  partici¬ 
pants  in  six  studies  (24%)  [10,14,20-22,28].  A  total  of 
three  studies  (12%)  reported  that  one  or  more  partici¬ 
pants  had  previous  fractures  [10,25,29]. 

Characteristics  of  the  exercise  programs  from  each 
group  and  each  study  are  described  in  Additional  file  2.  As 
can  be  seen,  the  exercise  interventions  varied  widely.  Four¬ 
teen  groups  (40%)  participated  in  exercise  interventions 
that  focused  on  joint  reaction  forces  (for  example,  strength 
training)  while  12  (34%)  focused  on  ground  reaction  forces 


Kelley  ef  al.  BMC  Musculoskeletal  Disorders  2012,  13:1 77 
http://www.biomedcentral.com/1471-2474/13/177 


293 

Page  7  of  19 


Figure  1  Flow  Diagram  for  the  selection  of  studies.  *,  number  of  reasons  exceeds  the  number  of  studies  because  some  studies  were 
excluded  for  more  than  one  reason. 


(for  example,  aerobic  exercises  such  as  walking  and  jump¬ 
ing).  Another  nine  groups  (26%)  included  exercises  that 
provided  both  joint  and  ground  reaction  forces.  With  the 
exception  of  four  groups  (11%)  that  performed  either 
jumping  or  agility  training,  the  remaining  31  (89%)  fo¬ 
cused  on  aerobic  and/or  strength  training  exercises.  The 
load  rating  for  the  28  groups  in  which  data  were  available 
for  calculation  ranged  from  9.4  to  340.5  (x  ±  SD  =  57.3  ± 
117.7,  Mdn  =  10).  The  length  of  training  across  all  groups 
ranged  from  24  to  104  weeks  ( x  ±  SD  =  50.7  ±  23.3,  Mdn  = 
52).  A  group  summary  of  the  characteristics  for  those 
studies  that  included  aerobic  and/or  strength  training  is 
shown  in  Table  2. 

Bone  mineral  density  assessment  information  is  shown  in 
Additional  file  2.  With  the  exception  of  two  earlier  studies 
that  used  dual  photon  absorptiometry  [18,28],  all  others 
used  dual-energy  x-ray  absorptiometry  to  assess  BMD  at 
the  FN  and  LS  [9-17,19-27,29-33].  The  two  most  common 
instruments  used  to  assess  FN  and  LS  BMD  were  Hologic 
(48%)  and  Lunar  (40%).  For  those  studies  that  provided  data 


[9,13,14,16,20,22-27,30,32],  coefficients  of  variation  for  the 
assessment  of  BMD  ranged  from  0.8%  to  1.9%  and  0.6%  to 
1.5%,  respectively,  for  FN  and  LS  BMD. 

Risk  of  bias  assessment 

Risk  of  bias  results  are  shown  in  Figure  2.  As  can  be 
seen,  the  majority  of  studies  were  considered  to  be  at 
low  risk  with  respect  to  sequence  generation  and  blind¬ 
ing  and  unclear  risk  for  allocation  concealment  and  in¬ 
complete  outcome  reporting.  Approximately  half  of  the 
studies  were  considered  to  be  at  either  low  or  unclear 
risk  for  incomplete  outcome  data. 

Primary  outcomes 
FN  BMD 

Overall,  there  was  a  statistically  significant  benefit  of 
ground  and/or  joint  reaction  force  exercise  on  FN  BMD 
(Table  3,  Figure  3).  In  addition,  non-overlapping  CIs 
were  observed.  The  NNT  was  6  with  an  estimated 
127,968  postmenopausal  US  women  experiencing 
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Table  1  Initial  physical  characteristics  of  participants 


Variable 

Exercise 

Control 

Groups  (#) 

x±SD 

Mdn 

Range 

Groups  (#) 

x±SD 

Mdn 

Range 

Age  (yrs) 

33 

62.9  ±7.3 

60 

54-80 

27 

62.2  ±6.7 

60 

53  -  80 

Height  (cm) 

22 

161. 5  ±3.3 

162 

152  -  165 

19 

161 .4  ±3.2 

162 

152  -  165 

Postmenopausal  (yrs) 

26 

13.8  ±8 

11 

3  -  30 

21 

12.9  ±7.1 

10 

4-30 

Body  weight  (kg) 

28 

66.4  ±6.6 

68 

46  -  78 

23 

67.2  ±7.9 

68 

46  -  84 

Body  mass  index  (kg/m2) 

21 

25.6  ±  2.2 

26 

20  -  29 

18 

25.6  ±2.6 

26 

20-31 

Lean  body  mass  (kg) 

18 

39.2  ±  2.2 

39 

35-43 

13 

39.1  ±1.9 

39 

35-42 

Fat  mass  (kg) 

6 

22.1  ±5.3 

21 

17-32 

4 

24.0  ±8.5 

23 

15-35 

Body  fat  (%) 

15 

39.3  ±3.2 

39 

31  -44 

12 

39.1  ±3.5 

39 

31  -46 

Calcium  intake  (mg) 

12 

846  ±179 

832 

609  -  1214 

10 

868  ±21 3 

829 

626  -11 90 

Vitamin  D  (meg) 

5 

5.6  ±5.1 

2 

2  -  12 

4 

5.3  ±3.9 

5 

2-9 

BMD  (g/cm2) 

-  Femoral  neck 

27 

0.749  ±0.094 

0.720 

0.580  -  0.925 

24 

0.766  ±0.095 

0.770 

0.590  -  0.927 

-  Lumbar  spine 

28 

0.957  ±0.1 58 

0.966 

0.595  -  1.180 

24 

1.00  ±0.1 00 

1.00 

0.600  -  1 .200 

-  Ward's  triangle 

8 

0.591  ±0.089 

0.575 

0.441  -  0.730 

6 

0.605  ±  0.097 

0.598 

0.474  -  0.760 

-  Total  hip 

13 

0.802  ±0.093 

0.840 

0.670  -  0.940 

11 

0.843  ±  0.092 

0.869 

0.690-  1.00 

-  Trochanteric 

20 

0.659  ±0.085 

0.650 

0.510  -  0.806 

16 

0.682  ±0.085 

0.685 

0.520  -  0.840 

-  Intertrochanteric 

11 

0.959  ±0.076 

0.986 

0.820  -  1 035 

7 

0.979  ±0.068 

0.990 

0.850-  1.00 

-  Whole  body 

8 

1 .033  ±  0.073 

0.99 

0.970  -  1.130 

7 

1 .043  ±  0.070 

1.002 

0.980  -  1 .1 30 

-  Radius  -  1/3 

4 

0.600  ±0.028 

0.610 

0.560  -  0.620 

3 

0.603  ±0.01 2 

0.610 

0.590  -  0.61 0 

-  Radius  -  mid 

4 

0.523  ±0.01 5 

0.530 

0.500  -  0.530 

3 

0.520±0.017 

0.530 

0.500  -  0.530 

-  Radius  -  ultradistal 

4 

0.363  ±0.005 

0.360 

0.360  -  0.370 

3 

0.363  ±0.006 

0.360 

0.360  -  0.370 

Notes:  Groups  (#),  number  of  groups  in  which  data  were  available;  x±SD,  mean  ±  standard  deviation;  Mdn,  Median;  BMD,  bone  mineral  density;  Baseline  data  for 
aerobic  fitness,  balance  and  muscular  strength  not  reported  because  of  the  different  metrics  used  in  the  studies. 


benefit  in  FN  BMD  if  they  began  and  maintained  a  regu¬ 
lar  exercise  program.  A  moderate  but  statistically  signifi¬ 
cant  amount  of  heterogeneity  was  observed  as  well  as 
overlapping  prediction  intervals.  No  adjustment  for 


publication  bias  was  needed.  With  each  study  deleted 
from  the  model  once,  results  remained  statistically  sig¬ 
nificant  across  all  deletions  (Figure  4).  The  difference  in 
g  between  the  largest  and  smallest  values  with  each 


Table  2  Training  program  characteristics  for  aerobic,  strength  and  aerobic  +  strength  training  interventions 


Aerobic  Strength  Aerobic  +  Strength 


Variable 

Groups  (#) 

x±SD 

Mdn 

Range  Groups  (#)  x±SD 

Mdn 

Range 

Groups  (#) 

x±SD 

Mdn 

Range 

Length  (weeks) 

9 

52  ±22 

52 

24-104 

14 

46  ±21 

52 

24-1 04 

10 

58  ±29 

52 

24-104 

Frequency  (days/week) 

8 

3±  1 

3 

3-4 

14 

3  ±  1 

3 

3-6 

9 

3±  1 

3 

2-7 

Intensity* 

4 

55  ±14 

59 

36-68 

6 

63  ±26 

73 

15-85 

- 

- 

- 

- 

Duration  (min/sessions) 

6 

34  ±12 

38 

10-30 

- 

- 

- 

- 

- 

- 

- 

- 

Minutes  (per  week) 

6 

103  ±37 

113 

60-135 

- 

- 

- 

- 

- 

- 

- 

- 

Minutes  (per  week  adjusted) 

5 

79  ±33 

71 

48-113 

- 

- 

- 

- 

- 

- 

- 

- 

Sets  (#) 

NA 

NA 

NA 

NA 

12 

3  ±  1 

3 

1-5 

5 

2  ±0.4 

2 

2-3 

Repetitions  (#) 

NA 

NA 

NA 

NA 

9 

1 2  ±  8 

10 

8-30 

- 

- 

- 

- 

Rest  between  sets  (sec.) 

NA 

NA 

NA 

NA 

4 

75  ±57 

90 

0-120 

- 

- 

- 

- 

Exercises  (#) 

NA 

NA 

NA 

NA 

14 

8±4 

9 

1-12 

5 

8±3 

7 

4-12 

Compliance  (%) 

7 

75  ±16 

80 

39-84 

10 

83  ±5 

85 

74-90 

7 

76  ±11 

77 

59-95 

Groups  (#),  number  of  groups  in  which  data  were  available;  x±SD,  mean  ±  standard  deviation;  Mdn,  Median;  *,  intensity  expressed  as  a  percentage  of  maximum 
oxygen  consumption  for  aerobic  groups  and  percentage  of  one-repetition  maximum  for  strength  training  groups;  insufficient  data  to  calculate;  NA,  not 
applicable. 
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Figure  2  Risk  of  bias.  Pooled  risk  of  bias  results  using  the 
Cochrane  Risk  of  Bias  Assessment  Tool  [60], 


study  deleted  from  the  model  was  0.081  (26.0%).  With 
two  outliers  removed  [11,21],  results  remained  statisti¬ 
cally  significant  (g=  0.207,  95%  Cl  =  0.076,  0.338, 

p  =  0.002)  and  heterogeneity,  while  statistically  signifi¬ 
cant  (Q  =  42.2,  p  =  0.02),  was  reduced  to  40.7%. 


Improvements  in  FN  BMD  also  remained  statistically 
significant  when  data  were  collapsed  so  that  only  one  g 
represented  each  study  (g=  0.343,  95%  Cl  =  0.129,  0.556, 
p  =  0.002,  Q  =  85.5,  p  <0.0001,  I2  =  76.6%).  Cumulative 
meta-analysis,  ranked  by  year,  demonstrated  that  results 
have  been  statistically  significant,  or  there  has  been  a 
trend  for  statistical  significance,  since  2000  (Figure  5). 

Moderator  analysis  for  changes  in  FN  BMD  is  shown 
in  Additional  file  3.  As  can  be  seen,  no  statistically  sig¬ 
nificant  between-group  differences  (Qb)  were  found  for 
those  a  priori  comparisons  for  which  sufficient  data 
were  available. 

Meta-regression  analyses  for  changes  in  FN  BMD  are 
shown  in  Additional  file  4.  As  can  be  seen,  there  was  a 
statistically  significant  association  between  increases  in 
FN  BMD  and  decreased  compliance  (combined  aerobic 
and  strength  training  groups  only),  decreases  in  BMI, 
decreases  in  body  weight  and  decreases  in  percent  body 
fat.  A  trend  for  a  statistically  significant  association  was 
observed  for  increases  in  FN  BMD  and  increases  in 


Table  3  Changes  in  primary  and  secondary  outcomes 


Variable3 

Studies  (#) 

ES  (#) 

Participants  (#) 

x(95%  Cl) 

Zip) 

Q  Ip) 

I2  (%) 

95%  PI 

Primary 

-  Femoral  neck 

21 

28 

1632 

0.288  (0.102,  0.474) 

3.03(0.002)* 

90.5 (p  <0.0001)* 

70.1 

-0.568,  1.142 

-  Lumbar  spine 

21 

28 

1504 

0.179  (-0.003,  0.361) 

1 .93(0.05)* 

77.7(<0.0001)* 

65.3 

-0.614,  0.972 

Secondary 

-  Ward's  triangle 

6 

8 

252 

0.260  (-0.405,  0.61 3) 

0.40(0.69) 

28.1  (<0.0001  )* 

75.1 

-1.567,  1.775 

-  Total  hip 

10 

14 

734 

0.232  (0.073,  0.391) 

2.86(0.004)* 

17.6(0.18) 

26.0 

-0.149,  0.613 

-  Trochanteric 

14 

21 

1085 

0.222  (0.107,  0.337) 

3.79(<0.0001)* 

1 8.3(0.57) 

0 

0.099,  0.345 

-  Intetrochanteric 

6 

10 

399 

0.241  (0.058,  0.425) 

2.58(0.01)* 

8.3(0.50) 

0 

0.024,  0.458 

-  Whole  body 

6 

7 

246 

0.121  (-0.055,0.298) 

1.35(0.18) 

2.7(0.85) 

0 

-0.110,0.352 

-  Radius  -  1/3 

2 

4 

182 

0.048  (-0.329,  0.424) 

0.25(0.81) 

5.8(0.12) 

48.2 

-1.365,  1.461 

-  Radius  -  mid 

2 

4 

182 

0.153  (-0.262,  0.568) 

0.72(0.47) 

7.0(0.07)** 

57.2 

-1.496,  1.802 

-  Radius  -  ultradistal 

2 

4 

182 

0.263  (-0.239,  0.765) 

1.03(0.31) 

10.1(0.02)* 

70.3 

-1.886,  2.412 

-  Aerobic  fitness 

5 

8 

198 

1.146  (0.31,  1.930) 

2.86(0.004)* 

47.0 Ip  <0.0001)* 

85.1 

-1.539,  3.831 

-  Dynamic  balance 

4 

5 

95 

1.39  (0.766,  2.014) 

4.37(<0.0001)* 

18.9(0.001)* 

78.9 

-0.856,  3.636 

-  Static  balance 

5 

7 

112 

0.841  (0.228,  1.454) 

2.69(0.007)* 

40.9(<0.0001)* 

85.3 

-1.254,  2.936 

-  Body  weight  (kg) 

11 

17 

594 

-0.03  (-0.4,  0.4) 

-0.15(0.88) 

1 3.0(0.67) 

0 

-0.5,  0.4 

-  Body  mass  index  (kg/m2) 

8 

11 

511 

-0.2  (-0.8,  0.4) 

-0.69(0.49) 

1 09.9(<0.0001  )* 

90.9 

-2.3,  1.9 

-  Lean  body  mass  (kg) 

7 

10 

461 

0.4  (-0.06,  0.9) 

1 .72(0.09)** 

23.8(0.005)* 

62.1 

-1.0,  1.9 

-  Fat  mass  (kg) 

4 

6 

230 

-0.5  (-1.2,  0.2) 

-1.48(0.14) 

1 1 .0(0.05)* 

54.6 

-2.4,  1 .4 

-  Body  fat  (%) 

5 

7 

211 

-1.7  (-2.8,  -0.8) 

— 3.58(<0.0001  )* 

13.1(0.04)* 

54.1 

-44,  0.8 

-  Strength  (upper  body) 

7 

9 

300 

2.01  (1.08,2.95) 

4.24(<0.0001)* 

97.8(<0.000 1  )* 

97.8 

-1.33,  5.36 

-  Strength  (lower  body) 

9 

12 

482 

1.58  (0.91,2.24) 

4.67(<0.0001)* 

1 20.9(<0.0001  )* 

90.9 

-1.00,  4.10 

-  Calcium  intake  (mg) 

5 

7 

319 

10.1  (-15.8,35.9) 

0.76(0.45) 

03(1.0) 

0 

-23.9,  44.0 

-  Vitamin  D  (meg) 

- 

- 

- 

- 

- 

- 

- 

- 

Notes:  aUnless  noted  otherwise,  all  outcomes  are  reported  as  standardized  effect  size  (g);  ES,  effect  size;  #,  number;  Z(p),  z-score  and  alpha  value;  Q(p),  Cochran's  Q 
statistic  and  alpha  value;  I2  (%),  l-squared;  PI,  prediction  intervals.  *,  statistically  significant  (p<  0.05;  **trend  for  statistical  significance  (p  >0.05  to  <0.10); 

-,  Insufficient  data  reported  (<  3  ES's). 
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r 

Study  name 

Subgroup  within  study 

Statistics  for  each  study 

Point  estimate  and  95%  Cl 

Point 

Lower 

Upper 

estimate 

limit 

limit 

Bassey  et  al.,  1998 

hrt 

0.066 

-0.513 

0.644 

Bassey  et  al.,  1998 

no  hrt 

-0.311 

-0.767 

0.145 

Bergstrom  et  al.,  2008 

None 

-0.112 

-0.485 

0.261 

-1 

■ 

Bocalini  et  al.,  2009 

None 

5.987 

4.145 

7.830 

Brentano  et  al.,  2008 

circuit  training 

-0.642 

-1.565 

0.282 

Brentano  et  al.,  2008 

weight  training 

0.137 

-0.788 

1.062 

Brooke-Wavell  et  al.,  1997 

None 

0.109 

-0.335 

0.553 

Chilibeck  et  al.,  2002 

None 

0.024 

-0.815 

0.863 

Choquette  et  al.,  201 1 

None 

0.441 

-0.190 

1.071 

Englund  et  al.,  2005 

None 

0.000 

-0.621 

0.621 

Going  et  al.,  2003 

hrt 

0.171 

-0.166 

0.509 

■ 

I- 

Going  et  al.,  2003 

no  hrt 

0.252 

-0.095 

0.598 

1- 

Jessup  et  al.,  2003 

None 

2.223 

1.048 

3.399 

Kemmler  et  al.,  2010 

None 

0.648 

0.381 

0.915 

• 

Kerr  et  al.,  1996 

weight  training  (high  load,  low  reps) 

0.142 

-0.437 

0.721 

Kerr  et  al.,  1996 

weight  training  (low  load,  high  reps) 

0.318 

-0.322 

0.958 

Kerr  et  al.,  2001 

circuit  training 

0.057 

-0.428 

0.541 

Kerr  et  al.,  2001 

weight  training 

0.423 

-0.099 

0.945 

Liu-Ambrose  et  al.,  2004 

agility  training 

0.263 

-0.229 

0.755 

Liu-Ambrose  et  al.,  2004 

weight  training 

-0.055 

-0.561 

0.452 

Marques  et  al.,  2011a 

aerobic  training 

0.123 

-0.443 

0.690 

Marques  et  al.,  2011a 

weight  training 

-0.173 

-0.746 

0.400 

Marques  et  al.,  2011b 

None 

0.727 

0.204 

1.249 

Nelson  et  al.,  1994 

None 

0.713 

0.065 

1.360 

Newstead  et  al.,  2004 

None 

0.271 

-0.293 

0.834 

Prince  et  al.,  1995 

None 

0.287 

-0.199 

0.773 

Rhodes  et  al.,  2000 

None 

1.213 

0.521 

1.906 

-m- 

Wu  et  al.,  2006 

None 

0.000 

-0.490 

0.490 

0.288 

0.102 

0.474 

♦ 

-8.00  -4.00  0.00  4.00  8.00 

Favors  Control 

Favors  Exercise 

Figure  3  Forest  plot  for  changes  in  FN  BMD.  Forest  plot  for  point  estimate  standardized  effect  size  changes  (g)  in  FN  BMD.  The  black  squares 

represent  the  standardized  mean  difference  (g)  while  the  left  and  right  extremes  of  the  squares  represent  the  corresponding  95%  confidence 

intervals.  The  middle  of  the  black  diamond  represents  the  overall  standardized  mean  difference  (g)  while  the  left  and  right  extremes  of  the 

diamond  represent  the  corresponding  95%  confidence  intervals.  For  subgroup,  HRT  means  hormone  replacement  therapy. 

- 

intensity  (strength  only),  increased  compliance  (strength 
training  group  only)  and  increases  in  static  balance. 

LS  BMD 

Overall,  there  was  a  statistically  significant  benefit  in  LS 
BMD  but  slightly  overlapping  95%  CIs  (Table  3,  Figure  6). 
The  NNT  was  6  with  an  estimated  80,219  postmeno¬ 
pausal  US  women  maintaining  and/or  increasing  their 
LS  BMD  if  they  began  and  maintained  a  regular  exer¬ 
cise  program.  A  moderate  and  statistically  significant 
amount  of  heterogeneity  was  observed  as  well  as  over¬ 
lapping  prediction  intervals.  No  adjustment  for  publi¬ 
cation  bias  was  needed.  With  the  exception  of  one 
study  [11],  an  outlier,  results  remained  statistically  sig¬ 
nificant  or  there  was  a  trend  for  statistical  significance 
when  each  study  was  deleted  from  the  model  once 
(Figure  7).  The  difference  in  g  between  the  largest  and 
smallest  values  was  0.084  (41%)  when  each  study  was 
deleted.  With  the  one  outlier  deleted  from  the  model, 
the  alpha  value  for  g  increased  to  0.12  and  heterogeneity, 


while  still  statistically  significant  (Q  =  42.2,  p  =  0.02),  was 
reduced  to  48.5%.  The  benefits  in  LS  BMD  remained  sta¬ 
tistically  significant  when  data  were  collapsed  so  that 
only  one  g  represented  each  study  (g  =  0.231,  95%  Cl  = 
0.026,  0.435,  p  =  0.03,  Q=  71.1,  p  <0.0001,  f  =  71.9%). 
Cumulative  meta-analysis,  ranked  by  year,  demonstrated 
that  results  have  been  statistically  significant,  or  there 
has  been  a  trend  for  statistical  significance,  since  2009 
(Figure  8). 

Moderator  analysis  for  changes  in  LS  BMD  is  shown 
in  Additional  file  3.  As  can  be  seen,  no  statistically  sig¬ 
nificant  between-group  differences  (Qj,)  were  found  for 
those  a  priori  comparisons  in  which  sufficient  data  were 
available. 

Meta-regression  analyses  for  changes  in  LS  BMD  are 
shown  in  Additional  file  4.  As  shown,  there  was  a  statis¬ 
tically  significant  association  between  increases  in  LS 
BMD  and  older  age,  greater  number  of  years  postmeno¬ 
pausal,  fewer  minutes  of  training  per  session  (aerobic 
groups  only),  fewer  minutes  of  training  per  week,  greater 
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Study  name 

Subgroup  within  study 

Point 

Statistics  with  study  removed 

Lower  Upper 

limit  limit  p-Value 

Bocalini  et  al.,  2009 

None 

0.231 

0.086 

0.376 

0.002 

Jessup  et  al.,  2003 

None 

0.250 

0.072 

0.428 

0.006 

Rhodes  et  al.,  2000 

None 

0.255 

0.071 

0.438 

0.007 

Kemmler  et  al.,  2010 

None 

0.268 

0.078 

0.458 

0.006 

Marques  et  al.,  2011b 

None 

0.270 

0.080 

0.460 

0.005 

Nelson  et  al.,  1994 

None 

0.273 

0.084 

0.463 

0.005 

Choquette  et  al.,  201 1 

None 

0.284 

0.092 

0.475 

0.004 

Kerr  et  al.,  2001 

weight  training 

0.284 

0.091 

0.477 

0.004 

Kerr  et  al.,  1996 

weight  training  (low  load,  high  reps) 

0.288 

0.096 

0.480 

0.003 

Prince  et  al.,  1995 

None 

0.290 

0.096 

0.484 

0.003 

Newstead  et  al.,  2004 

None 

0.290 

0.098 

0.483 

0.003 

Liu-Ambrose  et  al.,  2004 

agility  training 

0.291 

0.097 

0.484 

0.003 

Brentano  et  al.,  2008 

weight  training 

0.292 

0.102 

0.482 

0.003 

Going  et  al.,  2003 

no  hrt 

0.293 

0.096 

0.490 

0.004 

Kerr  et  al.,  1996 

weight  training  (high  load,  low  reps) 

0.295 

0.103 

0.487 

0.003 

Marques  et  al.,  2011a 

aerobic  training 

0.296 

0.103 

0.488 

0.003 

Chilibeck  et  al.,  2002 

None 

0.296 

0.106 

0.486 

0.002 

Going  et  al.,  2003 

hrt 

0.297 

0.100 

0.494 

0.003 

Bassey  et  al.,  1998 

hrt 

0.298 

0.106 

0.489 

0.002 

Brooke-Wavell  et  al.,  1997 

None 

0.298 

0.104 

0.492 

0.003 

Englund  et  al.,  2005 

None 

0.299 

0.108 

0.490 

0.002 

Kerr  et  al.,  2001 

circuit  training 

0.299 

0.106 

0.492 

0.002 

Wu  et  al.,  2006 

None 

0.301 

0.109 

0.494 

0.002 

Liu-Ambrose  et  al.,  2004 

weight  training 

0.303 

0.111 

0.495 

0.002 

Marques  et  al.,  2011a 

weight  training 

0.306 

0.115 

0.496 

0.002 

Bergstrom  et  al.,  2008 

None 

0.308 

0.116 

0.499 

0.002 

Brentano  et  al.,  2008 

circuit  training 

0.309 

0.123 

0.495 

0.001 

Bassey  et  al.,  1998 

no  hrt 

0.312 

0.288 

0.125 

0.102 

0.500 

0.474 

0.001 

0.002 

Point  estimate  (95%  Cl)  with  study  removed 


Favors  Control  Favors  Exercise 


Figure  4  Influence  analysis  for  changes  in  FN  BMD.  Influence  analysis  for  point  estimate  standardized  effect  size  changes  (g)  in  FN  BMD  with 
each  corresponding  study  deleted  from  the  model  once.  The  black  squares  represent  the  standardized  mean  difference  (g)  while  the  left  and 
right  extremes  of  the  squares  represent  the  corresponding  95%  confidence  intervals.  The  middle  of  the  black  diamond  represents  the  overall 
standardized  mean  difference  (g)  while  the  left  and  right  extremes  of  the  diamond  represent  the  corresponding  95%  confidence  intervals.  Results 
are  ordered  from  smallest  to  largest  values  of  g.  For  subgroup,  HRT  means  hormone  replacement  therapy. 


intensity  of  training  (strength  only),  increased  compli¬ 
ance  (strength  only),  decreased  compliance  (combined 
aerobic  and  strength  training  only),  increases  in  static 
balance,  decreases  in  BMI,  body  weight  and  percent 
body  fat.  A  trend  for  a  statistically  significant  association 
was  found  between  increases  in  LS  BMD  and  smaller 
increases  in  aerobic  fitness  as  well  as  increases  in  lean 
body  mass. 

Secondary  outcomes 

Changes  in  secondary  outcomes  are  shown  in  Table  3. 
As  can  be  seen  there  was  a  statistically  significant  benefit 
in  BMD  at  the  total  hip,  trochanteric  and  intertrochan¬ 
teric  regions.  A  non-significant  and  small  to  nil  amount 
of  heterogeneity  was  observed  for  all  three  outcomes.  In 
addition,  non-overlapping  prediction  intervals  were 
observed  for  the  trochanteric  region.  Furthermore,  large, 
statistically  significant  improvements  as  well  as  statisti¬ 
cally  significant  and  large  amounts  of  heterogeneity  were 
found  for  aerobic  fitness,  dynamic  and  static  balance. 
For  body  composition,  a  trend  for  statistically  significant 


increases  in  LBM  along  with  a  statistically  significant 
and  moderate  amount  of  heterogeneity  was  observed.  A 
statistically  significant  decrease  as  well  as  a  statistically 
significant  and  moderate  amount  of  heterogeneity  was 
also  observed  for  percent  body  fat.  For  both  upper  and 
lower  body  strength,  large,  statistically  significant 
increases  were  observed  as  well  as  large  and  statistically 
significant  amounts  of  heterogeneity.  Insufficient  data 
were  available  to  examine  differences  in  fractures  be¬ 
tween  the  exercise  and  control  groups. 

Discussion 

The  purpose  of  this  study  was  to  use  the  aggregate  data 
meta-analytic  approach  to  determine  the  effects  of 
ground  and/or  joint  reaction  force  exercise  on  BMD  at 
the  FN  and  LS  in  postmenopausal  women  participating 
in  exercise  levels  below  that  currently  recommended  for 
bone  health  [8].  The  overall  results  suggest  that  ground 
and  joint  reaction  force  exercise  may  result  in  clinically 
important  benefits  in  FN  and  LS  BMD,  with  results 
more  convincing  for  FN  BMD.  These  findings  are 
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Study  name 

Subgroup  within  study 

Cumulative  statistics 

Lower 

Upper 

Point 

limit 

limit 

p-Value 

Nelson  et  al.,  1994 

None 

0.713 

0.065 

1.360 

0.031 

Prince  et  al.,  1995 

None 

0.444 

0.042 

0.846 

0.031 

Kerr  et  al.,  1996 

weight  training  (high  load,  low  reps) 

0.348 

0.025 

0.670 

0.035 

Kerr  et  al.,  1996 

weight  training  (low  load,  high  reps) 

0.342 

0.054 

0.630 

0.020 

Brooke-Wavell  et  al.,  1997  None 

0.273 

0.031 

0.515 

0.027 

Bassey  et  al.,  1998 

hrt 

0.242 

0.019 

0.465 

0.033 

Bassey  et  al.,  1998 

no  hrt 

0.145 

-0.081 

0.371 

0.207 

Rhodes  et  al.,  2000 

None 

0.271 

-0.025 

0.568 

0.073 

Kerr  et  al.,  2001 

circuit  training 

0.239 

-0.021 

0.500 

0.072 

Kerr  et  al.,  2001 

weight  training 

0.255 

0.019 

0.492 

0.034 

Chilibeck  et  al.,  2002 

None 

0.240 

0.018 

0.462 

0.034 

Going  et  al.,  2003 

hrt 

0.226 

0.034 

0.419 

0.021 

Going  et  al.,  2003 

no  hrt 

0.225 

0.055 

0.395 

0.009 

Jessup  et  al.,  2003 

None 

0.291 

0.079 

0.502 

0.007 

Liu-Ambrose  et  al.,  2004 

agility  training 

0.284 

0.089 

0.480 

0.004 

Liu-Ambrose  et  al.,  2004 

weight  training 

0.260 

0.074 

0.446 

0.006 

Newstead  et  al.,  2004 

None 

0.258 

0.082 

0.433 

0.004 

Englund  et  al.,  2005 

None 

0.244 

0.076 

0.411 

0.004 

Wu  et  al.,  2006 

None 

0.228 

0.068 

0.387 

0.005 

Bergstrom  et  al.,  2008 

None 

0.204 

0.049 

0.358 

0.010 

Brentano  et  al.,  2008 

circuit  training 

0.187 

0.030 

0.343 

0.019 

Brentano  et  al.,  2008 

weight  training 

0.184 

0.032 

0.336 

0.017 

Bocalini  et  al.,  2009 

None 

0.271 

0.057 

0.486 

0.013 

Kemmler  et  al.,  2010 

None 

0.293 

0.084 

0.502 

0.006 

Choquette  et  al.,  201 1 

None 

0.297 

0.095 

0.499 

0.004 

Marques  et  al.,  2011a 

aerobic  training 

0.288 

0.094 

0.483 

0.004 

Marques  et  al.,  2011a 

weight  training 

0.270 

0.080 

0.460 

0.005 

Marques  et  al.,  2011b 

None 

0.288 

0.102 

0.474 

0.002 

0.288 

0.102 

0.474 

0.002 

Cumulative  point  estimate  (95%  Cl) 


-1.50 


Favors  Control  Favors  Exercise 


Figure  5  Cumulative  meta-analysis  for  changes  in  FN  BMD.  Cumulative  meta-analysis,  ordered  by  year,  for  point  estimate  standardized  effect 
size  changes  ( g )  in  FN  BMD.  The  black  squares  represent  the  standardized  mean  difference  (g)  while  the  left  and  right  extremes  of  the  squares 
represent  the  corresponding  95%  confidence  intervals.  The  results  of  each  corresponding  study  are  pooled  with  all  studies  preceding  it.  The 
middle  of  the  black  diamond  represents  the  overall  standardized  mean  difference  (g)  while  the  left  and  right  extremes  of  the  diamond  represent 
the  corresponding  95%  confidence  intervals.  For  subgroup,  HRT  means  hormone  replacement  therapy. 


similar  to  those  from  three  [48,51,53]  of  four 
[37,48,51,53]  previous  meta- analyses  for  FN  BMD  and 
four  [37,39,48,53]  of  five  [37,39,48,51,53]  previous  meta¬ 
analyses  for  LS  BMD,  all  of  which  included  both  ground 
and  joint  reaction  force  exercises  from  randomized  con¬ 
trolled  trials  in  postmenopausal  women.  Further  support 
for  the  overall  findings  of  the  current  meta-analysis  were 
strengthened  by  the  robustness  of  results  when  data 
were  collapsed  so  that  only  one  g  represented  each  study 
as  well  as  when  examined  for  publication  bias.  When 
each  study  was  deleted  from  the  model  once,  results 
remained  statistically  significant  for  FN  BMD  across  all 
deletions  but  were  no  longer  statistically  significant  for 
LS  BMD  (p  =  0.12)  when  one  study  was  deleted  from  the 
model  [11].  From  a  stability  perspective,  the  statistical 
significance  of  findings  has  been  consistent  over  a  longer 
period  of  time  for  BMD  at  the  FN  (2000)  versus  LS 
(2009).  Thus,  the  changes  in  BMD  appear  to  be  more 
convincing  for  FN  versus  LS  BMD.  This  may  have  to  do 
with  the  possibility  that  the  exercise  protocols  employed 
were  more  specific  to  the  FN  versus  LS. 


While  random-effects  models  that  incorporate  hetero¬ 
geneity  into  the  analysis  were  used,  it  is  still  important  to 
point  out  that  heterogeneity  was  observed  for  both  FN 
and  LS  BMD.  The  existence  of  heterogeneity  in  meta¬ 
analysis  is  not  only  common  [79],  but  also  important,  as 
there  is  no  need  to  combine  studies  exactly  alike  since 
their  findings,  within  statistical  error,  would  be  the  same 
[80].  In  addition,  prediction  intervals  for  estimating  the 
expected  results  of  a  new  trial  included  zero  for  both  FN 
and  LS  BMD.  However,  these  values  should  not  be  con¬ 
fused  with  confidence  intervals  since  prediction  intervals 
are  based  on  a  random  mean  effect  while  confidence  inter¬ 
vals  are  not  [73].  Nevertheless,  these  prediction  intervals 
may  be  beneficial  for  future  researchers  interested  in  con¬ 
ducting  randomized  controlled  intervention  trials  addres¬ 
sing  the  effects  of  ground  and/or  joint  reaction  force 
exercise  on  FN  and  LS  BMD  in  postmenopausal  women. 

While  the  magnitude  of  change  in  FN  and  LS  BMD 
might  be  considered  small  at  the  FN  and  trivial  at  the 
LS,  they  appear  to  be  clinically  important.  For  example, 
based  on  previous  prediction  models  [81],  the  exercise- 
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Study  name 

Subgroup  within  study 

Statistics  for  each  study 

Point  estimate  and  95%  Cl 

Point 

Lower 

Upper 

estimate 

limit 

limit 

Bassey  et  at,  1998 

hrt 

-0.151 

-0.730 

0.429 

Bassey  et  at,  1998 

no  hrt 

-0.030 

-0.483 

0.423 

Bergstrom  et  at,  2008 

None 

0.023 

-0.350 

0.396 

Bocalini  et  at,  2009 

None 

3.475 

2.223 

4.727 

Brentano  et  at,  2008 

circuit  training 

-0.970 

-1.922 

-0.019 

Brentano  et  at,  2008 

strength  training 

-0.367 

-1.298 

0.565 

Brooke-Wavell  et  at,  1997  None 

0.167 

-0.278 

0.612 

Chilibeck  et  at,  2002 

None 

-0.091 

-0.930 

0.749 

Choquette  et  at,  201 1 

None 

-0.417 

-1.047 

0.212 

Englund  et  at,  2005 

None 

0.242 

-0.381 

0.864 

Going  et  at,  2003 

hrt 

-0.079 

-0.416 

0.257 

Going  et  at,  2003 

no  hrt 

0.219 

-0.127 

0.565 

Grove  &  Londeree,  1992 

high  impact 

1.426 

0.038 

2.814 

Grove  &  Londeree,  1992 

low  impact 

1.084 

-0.243 

2.412 

Hong,  2004 

tai  chi 

-0.349 

-0.868 

0.170 

Hong,  2004 

weight  training 

0.376 

-0.134 

0.887 

Iwamoto  et  at.  2001 

None 

1.029 

0.166 

1.892 

Jessup  et  at,  2003 

None 

1.124 

0.130 

2.118 

Kemmler  et  at,  2010 

None 

0.519 

0.254 

0.783 

Kerr  et  at,  2001 

circuit  training 

-0.159 

-0.645 

0.326 

Kerr  et  at,  2001 

weight  training 

-0.310 

-0.830 

0.209 

Marques  et  at,  201 1 

None 

0.401 

-0.110 

0.912 

Martin  &  Notelovitz,  1993 

30  minutes 

0.043 

-0.585 

0.671 

Martin  &  Notelovitz,  1993 

45  minutes 

0.215 

-0.452 

0.882 

Nelson  et  al.,  1994 

None 

0.807 

0.154 

1.460 

Newstead  et  at,  2004 

None 

0.000 

-0.561 

0.561 

Rhodes  et  at,  2000 

None 

0.379 

-0.264 

1.021 

Wu  et  at,  2006 

None 

-0.177 

-0.668 

0.314 

0.179 

-0.003 

0.361 

► 

-5.00  -2.50  0.00  2.50  5.00 

Favors  Control 

Favors  Exercise 

Figure  6  Forest  plot  for  changes  in  LS  BMD.  Forest  plot  for  point  estimate  standardized  effect  size  changes  (g)  in  LS  BMD.  The  black  squares 

represent  the  standardized  mean  difference  (g)  while  the  left  and  right  extremes  of  the  squares  represent  the  corresponding  95%  confidence 

intervals.  The  middle  of  the  black  diamond  represents  the  overall  standardized  mean  difference  (g)  while  the  left  and  right  extremes  of  the 

diamond  represent  the  corresponding  95%  confidence  intervals.  For  subgroup,  HRT  means  hormone  replacement  therapy. 

_ 

induced  changes  in  BMD  observed  at  the  FN  and  LS  in 
the  current  meta-analysis  would  reduce  the  20-year  rela¬ 
tive  risk  of  osteoporotic  fracture  at  any  site  by  approxi¬ 
mately  11%  and  10%,  respectively.  However,  the 
observed  benefits  of  exercise  on  FN  (g  =  0.29)  and  LS 
(g  =  0.18)  BMD  in  the  current  meta-analysis  were  smal¬ 
ler  than  those  previously  reported  for  pharmacologic 
interventions  (alendronate,  calcitonin,  etidronate,  hor¬ 
mone  therapy,  raloxifine,  risedronate)  at  both  the  hip 
(range  of  g  =  0.64  to  5.74)  and  LS  (range  of  g  =  0.90  to 
8.90)  [82].  The  exercise-induced  benefits  on  FN  and  LS 
BMD  also  appear  to  be  similar  to  or  smaller  than  those 
observed  for  calcium  and  vitamin  D  supplementation 
(g  for  calcium  =  0.45  at  the  hip  and  1.57  at  the  LS;  g  for 
vitamin  D  =  0.47  at  the  hip  and  0.20  at  the  LS)  [82]. 
However,  the  use  of  pharmacological  and  nutritional 


interventions  should  be  considered  with  respect  to  sev¬ 
eral  factors.  These  include:  (1)  the  potential  adverse 
effects  of  pharmacologic  agents  [83],  (2)  that  participants 
included  in  previous  pharmacological  and  nutritional 
intervention  studies  had  generally  lower  initial  levels  of 
BMD  than  participants  included  in  the  current  exercise 
meta-analysis  [83],  and  (3)  that  exercise  results  in  nu¬ 
merous  other  benefits  not  realized  with  pharmacologic 
and  nutritional  interventions  [84],  for  example,  increases  in 
balance  and  a  subsequent  reduction  in  falls  [85].  Given  the 
former,  the  current  recommendations  of  lifestyle  changes 
such  as  exercise  and  adequate  calcium  and  vitamin  D  in¬ 
take  prior  to  pharmacological  intervention  appear  to  be 
appropriate  [6]. 

The  focus  of  the  present  meta-analysis  has  been  on  the 
use  of  the  traditional  alpha  value  for  statistical  significance 
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Study  name 

Subgroup  within  study 

Statistics  with  study  removed 

Lower 

Upper 

Point 

limit 

limit 

p-Value 

Bocalini  et  at,  2009 

None 

0.119 

-0.031 

0.269 

0.119 

Iwamoto  et  at,  2001 

None 

0.155 

-0.027 

0.337 

0.095 

Nelson  et  at,  1994 

None 

0.156 

-0.028 

0.339 

0.097 

Jessup  et  at,  2003 

None 

0.157 

-0.025 

0.339 

0.091 

Kemmler  et  at,  2010 

None 

0.159 

-0.028 

0.346 

0.095 

Grove  &  Londeree,  1992 

high  impact 

0.161 

-0.020 

0.342 

0.082 

Grove  &  Londeree,  1992 

low  impact 

0.165 

-0.017 

0.348 

0.076 

Marques  et  at,  201 1 

None 

0.171 

-0.018 

0.360 

0.076 

Hong,  2004 

weight  training 

0.172 

-0.017 

0.361 

0.074 

Rhodes  et  at,  2000 

None 

0.173 

-0.015 

0.361 

0.071 

Englund  et  at,  2005 

None 

0.178 

-0.010 

0.367 

0.064 

Martin  &  Notelovitz,  1993 

45  minutes 

0.179 

-0.009 

0.367 

0.062 

Going  et  at,  2003 

no  hrt 

0.181 

-0.013 

0.374 

0.067 

Brooke-Wavell  et  at,  1997 

None 

0.182 

-0.009 

0.373 

0.061 

Martin  &  Notelovitz,  1993 

30  minutes 

0.186 

-0.003 

0.374 

0.053 

Chilibeck  et  at,  2002 

None 

0.188 

0.001 

0.374 

0.049 

Newstead  et  at,  2004 

None 

0.188 

-0.001 

0.377 

0.051 

Bergstrom  et  at,  2008 

None 

0.190 

-0.002 

0.382 

0.052 

Bassey  et  at,  1998 

no  hrt 

0.191 

0.001 

0.381 

0.049 

Brentano  et  at,  2008 

strength  training 

0.193 

0.008 

0.378 

0.041 

Bassey  et  at,  1998 

hrt 

0.193 

0.006 

0.381 

0.044 

Kerr  et  al.,  2001 

circuit  training 

0.195 

0.007 

0.384 

0.042 

Going  et  at,  2003 

hrt 

0.195 

0.004 

0.387 

0.046 

Wu  et  at,  2006 

None 

0.196 

0.008 

0.384 

0.041 

Kerr  et  al.,  2001 

weight  training 

0.200 

0.014 

0.386 

0.035 

Choquette  et  at,  201 1 

None 

0.200 

0.016 

0.385 

0.033 

Hong,  2004 

tai  chi 

0.201 

0.016 

0.387 

0.033 

Brentano  et  at,  2008 

circuit  training 

0.203 

0.023 

0.383 

0.027 

0.179 

-0.003 

0.361 

0.054 

-0.50 


Point  estimate  (95%  Cl)  with  study  removed 


-0.25 


0.00 


0.25 


0.50 


Favors  Control  Favors  Exercise 


Figure  7  Influence  analysis  for  changes  in  LS  BMD.  Influence  analysis  for  point  estimate  standardized  effect  size  changes  (g)  in  LS  BMD  with 
each  corresponding  study  deleted  from  the  model  once.  The  black  squares  represent  the  standardized  mean  difference  ( g )  while  the  left  and 
right  extremes  of  the  squares  represent  the  corresponding  95%  confidence  intervals.  The  middle  of  the  black  diamond  represents  the  overall 
standardized  mean  difference  (g)  while  the  left  and  right  extremes  of  the  diamond  represent  the  corresponding  95%  confidence  intervals.  Results 
are  ordered  from  smallest  to  largest  values  of  g.  For  subgroup,  HRT  means  hormone  replacement  therapy. 


(p  <  0.05)  and  95%  CL  However,  it  has  been  suggested  that 
rather  than  focus  on  the  term  statistically  significant  and 
alpha  value  cutpoints,  one  should  report  the  exact  alpha 
value  and  use  90%  Cl  to  determine  clinical  relevance 
within  the  range  of  the  90%  interval  [86].  Using  the  90% 
Cl  approach,  the  interval  no  longer  included  zero  (0)  for 
changes  in  LS  BMD  (0.026  to  0.332)  and  ranged  from 
0.132  to  0.444  for  changes  in  FN  BMD. 

No  statistically  significant  between-group  differences 
were  found  when  mixed-effects  ANOVA  was  conducted 
for  changes  in  FN  and  LS  BMD  partitioned  by  a  large 
number  of  categorical  variables.  However,  while  no  sta¬ 
tistically  significant  between-group  differences  were 
noted,  changes  in  FN  BMD  were  smaller  for  ground 
(g=  0.088)  versus  joint  (g=  0.420)  and  combined  joint 
and  ground  reaction  force  exercise  (g=  0.398). 

Several  interesting  associations  were  found  when  simple 
meta-regression  was  performed  for  changes  in  FN  and  LS 


BMD.  For  ease  of  reading,  statistically  significant  findings 
(p  <  0.05)  as  well  as  trends  for  statistical  significance 
(>0.05  but  <0.10)  are  discussed  collectively.  For  both  FN 
and  LS  BMD,  greater  increases  were  associated  with  both 
greater  intensity  and  compliance  in  the  strength  training 
(joint-reaction  force)  groups.  These  findings  suggest  that 
greater  loads  per  repetition  as  well  as  greater  adherence 
may  provide  greater  benefit  to  FN  and  LS  BMD.  Greater 
improvements  in  both  FN  and  LS  BMD  were  also  asso¬ 
ciated  with  increases  in  static  balance.  These  associations 
may  be  especially  important  for  reducing  the  risk  of  falling 
as  well  as  subsequent  fracture  risk.  Greater  increases  in 
both  FN  and  LS  BMD  were  also  associated  with  decreases 
in  BMI,  body  weight  and  percent  body  fat.  In  addition, 
increases  in  LS  BMD  were  associated  with  increases  in 
LBM.  All  of  these  associations  may  be  reflective  of  greater 
exercise  effort.  The  inverse  association  between  increases 
in  both  FN  and  LS  BMD  with  poorer  compliance  to 
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Study  name 

Subgroup  within  study 

Cumulative  statistics 

Cumulative  point  estimate  (95%  Cl) 

Lower 

Upper 

Point 

limit 

limit 

p-Value 

Grove  &  Londeree,  1992 

high  impact 

1.426 

0.038 

2.814 

0.044 

- ■ 

— 

Grove  &  Londeree,  1992 

low  impact 

1.247 

0.288 

2.207 

0.011 

Martin  &  Notelovitz,  1993 

30  minutes 

0.678 

-0.246 

1.601 

0.150 

- ■ - 

Martin  &  Notelovitz,  1993 

45  minutes 

0.428 

-0.122 

0.977 

0.127 

— ■ - 

Nelson  et  at,  1994 

None 

0.520 

0.068 

0.971 

0.024 

- ■ - 

Brooke-Wavell  etal.,  1997 

None 

0.402 

0.053 

0.752 

0.024 

■ 

Bassey  et  at,  1998 

hrt 

0.309 

-0.021 

0.640 

0.067 

Bassey  et  at,  1998 

no  hrt 

0.237 

-0.047 

0.521 

0.101 

Rhodes  et  at,  2000 

None 

0.244 

-0.007 

0.495 

0.057 

Iwamoto  et  at,  2001 

None 

0.313 

0.048 

0.577 

0.021 

Kerr  et  at,  2001 

circuit  training 

0.255 

0.004 

0.505 

0.046 

Kerr  et  at,  2001 

weight  training 

0.201 

-0.044 

0.447 

0.109 

Chilibeck  et  at,  2002 

None 

0.180 

-0.052 

0.411 

0.128 

Going  et  at,  2003 

hrt 

0.140 

-0.067 

0.347 

0.185 

Going  et  at,  2003 

no  hrt 

0.142 

-0.043 

0.327 

0.132 

Jessup  et  at,  2003 

None 

0.181 

-0.013 

0.375 

0.068 

Hong,  2004 

tai  chi 

0.147 

-0.045 

0.338 

0.133 

Hong,  2004 

weight  training 

0.160 

-0.022 

0.342 

0.085 

Newstead  et  at,  2004 

None 

0.147 

-0.025 

0.319 

0.094 

Englund  et  at,  2005 

None 

0.148 

-0.015 

0.312 

0.076 

Wu  etal.,  2006 

None 

0.128 

-0.030 

0.285 

0.111 

Bergstrom  et  at,  2008 

None 

0.116 

-0.030 

0.262 

0.120 

Brentano  et  at,  2008 

circuit  training 

0.099 

-0.054 

0.253 

0.203 

Brentano  et  at,  2008 

strength  training 

0.089 

-0.062 

0.240 

0.247 

Bocalini  et  at,  2009 

None 

0.173 

-0.025 

0.370 

0.086 

Kemmler  et  at,  2010 

None 

0.193 

0.002 

0.385 

0.048 

Choquette  et  at,  201 1 

None 

0.171 

-0.018 

0.360 

0.076 

Marques  et  at,  201 1 

None 

0.179 

-0.003 

0.361 

0.054 

0.179 

-0.003 

0.361 

0.054 

-3.00  -1.50  0.00  1.50  3.00 

Favors  Control 

Favors  Exercise 

Figure  8  Cumulative  meta-analysis  for  changes  in  LS  BMD.  Cumulative  meta-analysis,  ordered  by  year,  for  point  estimate  standardized  effect 

size  changes  (g)  in  LS  BMD.  The  black  squares  represent  the  standardized  mean  difference  (g)  while  the  left  and  right  extremes  of  the  squares 

represent  the  corresponding  95%  confidence  intervals.  The  results  of  each  corresponding  study  are  pooled  with  all  studies  preceding  it.  The 

middle  of  the  black  diamond  represents  the  overall  standardized  mean  difference  (g)  while  the  left  and  right  extremes  of  the  diamond  represent 

the  corresponding  95%  confidence  intervals.  For  subgroup,  HRT  means  hormone  replacement  therapy. 

> 

aerobic  and  strength  training  protocols  may  be  nothing 
more  than  the  play  of  chance.  Alternatively,  studies  with 
poorer  compliance  may  have  yielded  greater  benefits  in 
FN  and  LS  BMD  because  of  the  greater  overall  volume  of 
training  prescribed.  For  LS  BMD,  the  positive  association 
between  increases  in  LS  BMD  and  older  age  as  well  as  a 
greater  number  of  years  postmenopausal  may  be  the  result 
of  lower  initial  levels  of  BMD.  However,  we  found  no  asso¬ 
ciation  between  baseline  LS  BMD  and  changes  in  LS 
BMD.  The  negative  associations  between  increases  in  LS 
BMD  with  shorter  duration  and  total  minutes  of  training 
per  week  for  aerobic  exercise  studies  may  help  to  reinforce 
the  belief  that  shorter  duration  activities  such  as  jumping 
may  be  more  beneficial  to  LS  BMD  than  activities  such  as 
walking  [7].  One  potential  reason  for  this  negative  associ¬ 
ation  may  be  the  result  of  calcium  loss  from  excessive 
sweating  in  longer  duration  and/or  higher  intensity  activ¬ 
ities  [87,88].  This  causes  a  decrease  in  serum  calcium 


followed  by  an  increase  in  serum  parathyroid  hormone, 
which  then  stimulates  bone  resorption  [87,88].  While 
these  findings  are  interesting,  further  research  is  needed 
before  any  firm  conclusions  can  be  drawn. 

In  addition  to  changes  in  FN  and  LS  BMD,  statistically 
significant  improvements  were  found  for  several  second¬ 
ary  outcomes.  These  included  increases  in  BMD  (total 
hip,  trochanteric,  intertrochanteric),  aerobic  fitness,  dy¬ 
namic  and  static  balance,  lean  body  mass  and  both 
upper  and  lower  body  strength.  Statistically  significant 
decreases  in  percent  body  fat  were  also  found.  These 
findings  reinforce  the  many  benefits  that  can  be  derived 
from  exercise  programs  [84].  The  former  notwithstand¬ 
ing,  the  results  for  secondary  outcomes  should  be  inter¬ 
preted  with  caution  since  they  were  only  included  if  FN 
and/or  LS  BMD  data  were  reported.  Consequently,  sec¬ 
ondary  outcomes  in  meta-analysis  may  not  comprise  a 
representative  sample. 
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A  major  interest  of  the  investigative  team  was  to  ex¬ 
amine  the  dose-response  relationship  between  changes 
in  FN  and  LS  BMD  and  exercise  load  ratings  in  post¬ 
menopausal  women.  While  we  found  no  significant  asso¬ 
ciation  between  changes  in  FN  and  LS  BMD  and  load 
ratings,  these  associations  were  based  on  general  cat¬ 
egorical  estimates  versus  estimates  specific  to  each  activ¬ 
ity  [59].  The  decision  to  use  categorical  estimates  was 
based  on  the  inability  to  accurately  calculate  load  ratings 
for  those  studies  that  involved  multiple  types  of  activities. 
In  addition,  the  algorithm  used  requires  further  testing, 
improvement  and  validation  [59].  Future  research  should 
also  focus  on  developing  formulas  for  accurately  calculat¬ 
ing  load  ratings  from  data  typically  provided  in  rando¬ 
mized  controlled  intervention  trials.  Ideally,  individual 
studies  should  collect  and  report  force  data  in  all  exercise 
interventions.  However,  the  accurate  measurement  of 
such  may  be  challenging  for  some  activities  [7].  Until 
additional  dose-response  research  is  conducted,  it  would 
appear  plausible  to  suggest  that  postmenopausal  women 
adhere  to  the  exercise  guidelines  from  the  American 
College  of  Sports  Medicine  [8].  These  include  weight¬ 
bearing  endurance  activities  3  to  5  times  per  week  as  well 
as  resistance  exercise  2  to  3  times  per  week  [8],  However, 
it  will  be  particularly  important  for  future  dose-response 
studies  to  determine  whether  increased  duration  of  aer¬ 
obic  exercise  diminishes  the  potential  skeletal  benefits, 
as  suggested  by  the  current  regression  analyses. 

The  results  of  this  meta-analysis  should  be  viewed 
with  respect  to  several  potential  limitations.  First,  be¬ 
cause  studies  are  not  randomly  assigned  to  covariates, 
they  are  considered  to  be  observational  in  nature.  There¬ 
fore,  the  results  of  moderator  and  regression  analyses 
conducted  in  this  or  any  other  meta-analysis  do  not  sup¬ 
port  causal  inferences  [78].  Second,  because  a  large 
number  of  statistical  tests  were  conducted,  some  statisti¬ 
cally  significant  results  could  have  been  nothing  more 
than  the  play  of  chance.  However,  as  suggested  by  Roth¬ 
man  [89],  no  adjustment  was  made  for  multiple  tests  be¬ 
cause  of  the  concern  about  missing  possibly  important 
findings.  Third,  because  of  a  lack  of  data,  a  common  oc¬ 
currence  in  meta-analysis,  the  research  team  was  unable 
to  examine  several  variables,  thereby  compromising  the 
thoroughness  of  the  study.  With  the  former  in  mind,  it 
is  suggested  that  future  randomized  controlled  trials  ad¬ 
dressing  the  effects  of  ground  and/or  joint  reaction  force 
exercise  on  FN  and  LS  BMD  in  postmenopausal  women 
include  information  regarding  study  design  (allocation 
concealment,  incomplete  outcome  data,  verification  that 
all  outcomes  planned  to  be  assessed  are  reported),  par¬ 
ticipant  characteristics  (adverse  events,  whether  the  par¬ 
ticipants  had  osteoporosis,  cigarette  smoking,  alcohol 
consumption,  change  in  exercise  habits  outside  the  in¬ 
tervention)  and  exercise  intervention  characteristics 


(intensity,  how  exercise  was  delivered).  Fourth,  future 
studies  should  provide  more  specific  information  regard¬ 
ing  their  exercise  cutpoints  for  enrolling  participants  in 
their  studies.  The  heterogeneity  of  reporting  found  in 
the  current  meta-analysis  is  not  surprising.  In  a  system¬ 
atic  review  of  the  different  definitions  of  sedentary  for 
screening  participants  for  entrance  into  physical  activity 
intervention  trials,  Bennett  et  al.  [90],  found  that  the 
definition  of  sedentary  ranged  from  less  than  20  to  less 
than  150  minutes  per  week  minutes  of  physical  activity 
and  that  few  studies  reported  the  type  and  intensity  of 
physical  activity  used  to  screen  participants.  While  such 
varied  definitions  may  make  it  difficult  to  generalize 
findings,  the  current  meta-analysis,  to  the  best  of  the 
authors’  knowledge,  is  the  first  one  on  exercise  and  BMD 
in  women  to  limit  the  inclusion  of  studies  to  those  in 
which  participants  were  not  currently  meeting  exercise 
recommendations  for  bone  health  [8].  Fifth,  given  the  po¬ 
tential  advantage  of  high  resolution  peripheral  quantita¬ 
tive  computed  tomography  (HR-pQCT)  for  detecting 
microarchitectural  changes  in  bone  [91],  it  would  appear 
plausible  to  suggest  that  future  exercise  intervention 
studies  should  use  this  technology  so  as  to  better  under¬ 
stand  the  exercise-induced  changes  that  may  occur  in 
bone.  Finally,  consistent  with  recommendations  from  the 
2008  Physical  Activity  Guidelines  Report,  there  continues 
to  be  a  need  for  large  randomized  controlled  trials  to  de¬ 
termine  whether  fracture  incidence  is  decreased  as  a  re¬ 
sult  of  ground  and/or  joint  reaction  force  exercise  [7]. 

Conclusions 

The  overall  findings  of  this  aggregate  data  meta-analysis 
suggest  that  exercise  may  result  in  clinically  relevant 
benefits  to  FN  and  LS  BMD  in  postmenopausal  women. 
Several  observed  and  important  associations  appear 
worthy  of  further  investigation  in  well-designed  rando¬ 
mized  controlled  trials. 
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Objective.  Examine  the  effects  of  exercise  on  femoral  neck  (FN)  and  lumbar  spine  (LS)  bone  mineral  density  (BMD)  in 
premenopausal  women.  Methods.  Meta-analysis  of  randomized  controlled  exercise  trials  >24  weeks  in  premenopausal  women. 
Standardized  effect  sizes  ( g )  were  calculated  for  each  result  and  pooled  using  random-effects  models,  Z  score  alpha  values,  95% 
confidence  intervals  (CIs),  and  number  needed  to  treat  (NNT).  Heterogeneity  was  examined  using  Q  and  I2.  Moderator  and 
predictor  analyses  using  mixed-effects  ANOVA  and  simple  metaregression  were  conducted.  Statistical  significance  was  set  at 
P  <  0.05.  Results.  Statistically  significant  improvements  were  found  for  both  FN  {7g’s,  466  participants,  g  =  0.342, 95%  Cl  =  0.132, 
0.553,  P  =  0.001,  Q  =  10.8,  P  =  0.22, 12  =  25.7%,  NNT  =  5)  and  LS  (6g’s,  402  participants,  g  =  0.201,  95%  Cl  =  0.009,  0.394, 
P  =  0.04,  Q  =  3.3,  P  =  0.65, 12  =  0%,NNT  =  9)  BMD.  A  trend  for  greater  benefits  in  FN  BMD  was  observed  for  studies  published  in 
countries  other  than  the  United  States  and  for  those  who  participated  in  home  versus  facility-based  exercise.  Statistically  significant, 
or  a  trend  for  statistically  significant,  associations  were  observed  for  7  different  moderators  and  predictors,  6  for  FN  BMD  and  1 
for  LS  BMD.  Conclusions.  Exercise  benefits  FN  and  LS  BMD  in  premenopausal  women.  The  observed  moderators  and  predictors 
deserve  further  investigation  in  well-designed  randomized  controlled  trials. 


1.  Introduction 

Bone  is  a  living  tissue  that  undergoes  continuous  remodeling 
as  a  result  of  bone  resorption  and  formation  whereby  osteo¬ 
clasts  remove  bone  and  osteoblasts  create  new  bone  [1].  A 
dynamic  tissue,  bone,  adapts  to  the  associated  mechanical 
stresses,  such  as  exercise,  that  are  placed  on  it  [2].  Cur¬ 
rently,  mechanotransduction  is  the  predominant  mechanism 
through  which  mechanical  stimuli  such  as  exercise  are 
believed  to  benefit  bone  [3,4],  While  not  entirely  understood, 
this  appears  to  involve  the  detection  of  mechanical  stimuli  by 
osteocytes  and  the  transduction  of  this  mechanical  strain  by 
osteocytes  to  osteoclasts  and  osteoblasts  where  bone  resorp¬ 
tion  and  remodeling  take  place  [4,  5],  the  end  result  being 
enhanced  bone  formation.  At  the  cellular  level,  exercise  may 
reduce  the  secretion  of  sclerostin  by  the  osteocyte,  thereby 


upregulating  Wnt  signaling  and  osteoblastogenesis,  that  is, 
bone  formation  [6-8] .  To  support  this  contention,  both  cross- 
sectional  and  longitudinal  studies  have  shown  that  physically 
active  premenopausal  women  have  lower  sclerostin  levels 
than  those  who  are  sedentary  [9,  10].  In  a  cross-sectional 
study  of  1,235  randomly  selected  premenopausal  women, 
those  who  participated  in  more  than  120  minutes  of  physical 
activity  per  week  were  shown  to  have  serum  sclerostin  levels 
that  were  36.8%  lower  than  sedentary  controls  [9].  In  a 
longitudinal  follow-up  study  with  120  of  these  same  women 
who  took  part  in  either  an  8-week,  4  days  per  week,  exercise 
( n  =  58)  or  control  ( n  =  62)  condition,  serum  sclerostin  levels 
were  33.9%  lower  in  the  exercise  versus  control  group  [9]. 

Maintaining  optimal  bone  mineral  density  (BMD)  levels 
during  the  premenopausal  years  is  important  for  reducing 
the  risk  of  osteoporosis  and  subsequent  fractures  during  the 
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postmenopausal  years,  with  relative-risk  increases  ranging 
from  1.5  to  3.0  [11].  In  addition,  the  prevalence  of  osteopenia 
and  osteoporosis  has  been  reported  to  be  15%  and  0.6%, 
respectively,  in  premenopausal  women  [12].  Furthermore,  it 
has  been  estimated  that  the  loss  of  BMD  ranges  from  0.25%  to 
1%  per  year  in  premenopausal  women  [11],  While  pharma¬ 
cologic  therapy  is  usually  contraindicated  in  premenopausal 
women,  reliance  on  lifestyle  factors  is  almost  always  recom¬ 
mended  [11,  13].  One  potentially  effective  lifestyle  approach 
for  achieving  this  goal  is  exercise,  a  low-cost,  nonpharmaco- 
logic  intervention  that  is  available  to  the  vast  majority  of  the 
population.  Unfortunately,  previous  randomized  controlled 
trials  addressing  the  effects  of  joint  and/or  ground  reaction 
force  exercise  on  femoral  neck  (FN)  and  lumbar  spine  (FS) 
BMD  in  premenopausal  women  have  led  to  conflicting  and 
less  than  overwhelming  results,  with  only  30%  and  29%  of 
findings  reported  as  statistically  significant  at  the  FN  and 
FS,  respectively  [14-20].  Using  the  traditional  vote-counting 
approach  [21],  one  might  conclude  that  exercise  does  not 
benefit  FN  or  FS  BMD.  However,  a  vote-counting  approach 
based  on  statistical  significance  can  be  extremely  misleading 
since  the  absence  of  a  statistically  significant  effect  does  not 
mean  absence  of  an  effect  [21].  In  contrast,  meta- analysis 
is  a  quantitative  approach  that  enables  one  to  go  beyond 
statistical  significance  and  focus  on  the  magnitude  of  effect 
[22], 

While  a  number  of  meta-analyses  have  been  conducted 
on  the  effects  of  exercise  on  BMD  in  adults  [23-45],  none 
have  focused  exclusively  on  FN  and/or  FS  BMD  when  limited 
to  randomized  controlled  trials  in  premenopausal  women. 
However,  three  meta-analyses  have  reported  subgroup  find¬ 
ings  when  limited  to  randomized  controlled  trials  [37,  41, 
44].  First,  Wallace  and  Cumming  reported  a  statistically 
significant  and  positive  effect  of  both  impact  (1.5%)  and 
nonimpact  (1.2%)  exercises  on  FS  BMD  [44].  A  nonsignif¬ 
icant  improvement  of  approximately  0.9%  was  found  at  the 
FN  after  impact  exercise  while  an  insufficient  number  of 
studies  were  available  to  examine  nonimpact  exercise  [44]. 
A  second  meta-analysis  that  was  limited  to  high-intensity 
resistance  training  reported  a  statistically  significant  benefit 
of  0.013  g/cm2  for  FS  BMD  and  a  nonsignificant  effect  of 
0.001  g/cm2  for  FN  BMD  [37].  Based  on  a  random-effects 
model  and  across  all  interventions,  a  third  meta-analysis  by 
the  same  research  group  reported  a  statistically  significant 
benefit  of  0.007  g/cm2  at  the  FS  and  0.012  g/cm2  at  the 
FN  as  a  result  of  different  impact  modalities  [41].  While 
the  results  of  these  meta-analyses  are  important,  none  were 
limited  to  randomized  controlled  trials.  This  is  potentially 
problematic  because  randomized  controlled  trials  are  the 
only  way  to  control  for  confounders  that  are  not  known  or 
measured  as  well  as  the  observation  that  nonrandomized 
controlled  trials  tend  to  overestimate  the  effects  of  healthcare 
interventions  [46,  47].  In  addition,  none  of  these  meta¬ 
analyses  conducted  moderator  analyses  for  other  variables 
when  limited  to  randomized  controlled  trials  [37,  41,  44]. 
Furthermore,  none  of  the  studies  [37,  41,  44]  provided  any 
quantitative  assessment  of  clinical  relevance  with  respect  to 
the  number  needed  to  treat  (NNT)  [48].  Given  the  former. 


the  purpose  of  this  study  was  to  use  the  aggregate  data  meta- 
analytic  approach  to  determine  the  overall  effects,  as  well 
as  potential  moderators  and  predictors,  of  ground  and  joint 
reaction  force  exercise  on  FN  and  FS  BMD  in  premenopausal 
women. 

2.  Methods 

2.1.  Study  Eligibility  Criteria.  Studies  were  included  if  they 
met  the  following  criteria:  (1)  randomized  trials  with  a 
comparative  control  group  (for  example,  nonintervention), 
(2)  premenopausal  women,  as  defined  by  the  authors,  (3) 
participants  not  engaged  in  a  regular  exercise  program  prior 
to  study  enrollment,  (4)  ground  and/or  joint  reaction  force 
exercise  intervention  of  at  least  24  weeks,  (5)  published  and 
unpublished  (master’s  theses  and  dissertations)  studies  since 
January  1989,  and  (6)  data  available  for  changes  in  BMD 
at  the  FN  and/or  FS  and  assessed  using  dual-energy  X- 
ray  absorptiometry  (DEXA)  or  dual-photon  absorptiometry 
(DPA) .  Any  studies  not  meeting  all  six  criteria  were  excluded. 

Studies  were  limited  to  randomized  controlled  trials 
because  trials  are  the  only  way  to  control  for  confounders 
that  are  not  known  or  measured  as  well  as  the  observation 
that  nonrandomized  controlled  trials  tend  to  overestimate 
the  effects  of  healthcare  interventions  [46,  47] .  The  rationale 
for  limiting  studies  to  those  in  which  the  exercise  intervention 
was  at  least  24  weeks  in  duration  was  based  on  the  fact  that 
bone  remodeling,  a  continuous  process  in  which  damaged 
bone  is  repaired,  ion  homeostasis  is  maintained,  and  bone 
is  reinforced  for  increased  stress,  typically  takes  around  24 
weeks  [49,  50].  Thus,  it  is  unlikely  that  any  true  exercise- 
induced  skeletal  changes  in  BMD  would  occur  prior  to  this. 
Because  of  the  site  specificity  of  exercise  on  BMD  [51], 
resistance  training  studies  were  limited  to  those  that  included 
lower  body  exercise.  The  year  1989  was  chosen  as  the  start 
date  for  inclusion  since  it  appeared  to  be  the  first  time  that 
a  randomized  controlled  trial  on  exercise  and  BMD  in  adult 
humans  was  conducted  [52]. 

2.2.  Data  Sources.  Studies  were  retrieved  from  a  large, 
previously  developed  database  that  included  1055  unique 
citations  (see  flow  diagram  in  Supplementary  File  1,  available 
online  at  http://dx.doi.org/10.1155/2013/741639).  Citations 
for  the  original  database  were  retrieved  from  ( 1 )  six  electronic 
sources  (PubMed,  Embase,  SportDiscus,  Cochrane  Central 
Register  of  Controlled  Clinical  Trials,  CINAHF,  Dissertation 
Abstracts  International),  (2)  cross-referencing  from  retrieved 
studies,  including  previous  reviews,  and  (3)  hand  searching 
selected  journals.  Keywords  germane  to  all  searches  were 
“exercise,”  “bone,”  and  "randomized.”  In  consultation  with 
a  Health  Sciences  librarian  at  West  Virginia  University,  all 
searches  were  conducted  by  the  second  author  (K.  Kelly).  The 
last  search  was  conducted  in  August  of  2011.  In  accordance 
with  recent  guidelines  [53],  an  example  of  the  search  strategy 
used  for  one  of  the  electronic  databases  (CINAHF)  is  shown 
in  Supplementary  File  2.  Based  on  previous  research  suggest¬ 
ing  that  searching  for  unpublished  data  is  probably  not  worth 
the  effort,  no  attempt  was  made  to  retrieve  such  [54]. 
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2.3.  Study  Selection.  All  studies  were  selected  by  the  first 
two  authors  (G.  Kelley  and  K.  Kelley),  independent  of  each 
other.  They  then  reviewed  their  selections  for  accuracy  and 
consistency.  Discrepancies  were  resolved  by  consensus.  If 
consensus  could  not  be  reached,  the  third  author  (W.  Kohrt) 
was  consulted  and  asked  to  provide  a  recommendation.  The 
final  list  of  selected  studies  was  reviewed  for  thoroughness 
and  completeness  by  the  third  author  (W.  Kohrt),  an  expert 
on  exercise  and  BMD.  A  list  of  included  and  excluded  studies, 
including  the  reasons  for  exclusion,  was  stored  in  version  12 
of  Reference  Manger  [55]. 


2.4.  Data  Extraction.  Prior  to  data  extraction,  electronic 
codebooks  were  developed  using  Microsoft  Excel  2007  [56]. 
Initial  codebooks  were  developed  by  the  first  author  (G. 
Kelley)  with  input  from  the  second  and  third  authors. 
Each  codebook  was  then  reviewed  and  tested  by  all  three 
authors.  Codebooks  were  then  revised  by  the  first  author 
(G.  Kelley)  and  reviewed  and  tested  by  all  authors  until 
final  codebooks  for  data  extraction  were  available  after  three 
iterations.  The  major  categories  of  variables  coded  included 

(1)  study  characteristics  (year  of  publication,  risk  ofbias,  etc.), 

(2)  group  characteristics  (age,  height,  etc.)  and  (3)  outcome 
characteristics  (changes  in  FN  and  LS  BMD,  secondary 
outcomes,  etc.).  Codebooks  could  hold  up  to  324  items  from 
each  study. 

The  primary  outcomes  for  this  study,  determined  a  priori, 
were  changes  in  FN  and  LS  BMD  assessed  by  DEXA  or 
DPA.  Secondary  outcomes,  also  established  a  priori,  included 
changes  in  other  BMD  sites  (whole  body,  Ward’s  triangle, 
intertrochanter,  trochanter,  total  hip,  radius,  ulna,  calcaneus, 
and  os  calcis),  body  weight,  body  mass  index,  lean  body  mass, 
percent  body  fat,  fat  mass,  muscular  strength  (upper  and/or 
lower),  muscular  power,  cardiorespiratory  fitness,  balance 
(static  and  dynamic),  calcium  intake,  vitamin  D  intake,  and 
fractures. 

All  data  were  extracted  by  the  first  two  authors  (G.  Kelley 
and  K.  Kelley),  independent  of  each  other.  They  then  met 
and  reviewed  every  selection  for  accuracy  and  consistency. 
Discrepancies  were  resolved  by  consensus.  If  consensus  could 
not  be  reached,  the  third  author  (W.  Kohrt)  served  as 
an  arbitrator.  Trials  published  as  duplicate  reports  (parallel 
publications)  were  only  included  once,  using  all  associated 
trial  reports  to  maximally  extract  trial  information,  but 
ensuring  that  the  trial  data  were  not  duplicated  in  the  review. 


2.5.  Risk  of  Bias  Assessment.  Risk  ofbias  was  assessed  using 
the  risk  of  bias  assessment  tool  from  the  Cochrane  Collab¬ 
oration  [57].  This  tool  addresses  specific  domains,  namely, 
sequence  generation,  allocation  concealment,  blinding  of 
participants  and  personnel,  blinding  of  outcome  assessment, 
incomplete  outcome  data,  and  selective  outcome  reporting. 
Each  domain  is  classified  as  having  either  a  high,  low,  or 
unclear  risk  ofbias  [57].  Given  the  objective  nature  of  BMD 
assessment,  all  studies  were  considered  low  risk  with  respect 
to  blinding.  For  selective  outcome  reporting,  all  studies  were 
considered  to  be  at  an  unclear  risk  for  bias  unless  a  study 
protocol  identification  number  was  provided.  If  a  study 


protocol  identification  number  was  provided,  an  a  priori 
decision  was  made  to  locate  the  project  on  the  respective 
clinical  trials  website  to  see  if  the  number  and  type  of 
outcomes  reported  in  the  study  matched  the  number  and  type 
of  outcomes  reported  on  the  website.  Risk  ofbias  was  assessed 
by  the  first  two  authors  (G.  Kelley  and  K.  Kelley).  They  then 
met  and  reviewed  every  item  for  agreement.  Disagreements 
were  resolved  by  consensus. 

2.6.  Statistical  Analysis 

2.6.1.  Calculation  of  Effect  Sizes  from  Each  Study.  The 
primary  outcomes  for  this  study,  that  is,  changes  in  FN  and 
LS  BMD,  were  calculated  using  the  standardized  effect  size  g 
[58] .  The  standardized  effect  size  was  chosen  over  the  original 
metric  because  of  the  different  methods  used  to  report  data, 
for  example,  absolute  versus  relative  changes  in  BMD,  as  well 
as  the  potential  for  excluding  eligible  studies  because  of  the 
inability  to  retrieve  necessary  data.  Each  g  was  calculated  as 
follows  [58]: 


9i  = 


Xe-  Xc 

SDpooled 


(1) 


where  Xe  represents  the  changes  score  difference  in  the 
exercise  group,  Xc  represents  the  change  score  difference 
in  the  control  group,  and  SDpooled  represents  the  pooled 
standard  deviation  from  the  change  score  standard  deviations 
of  the  exercise  and  control  groups.  If  absolute  data  were  not 
available,  relative  (percent  change)  data  were  used. 

For  those  studies  that  did  not  report  original  metric 
change  score  standard  deviations,  these  were  calculated  from 
95%  confidence  intervals  if  they  were  reported.  If  change 
score  standard  deviations  and  95%  confidence  intervals  were 
not  available,  change  score  standard  deviations  for  each  group 
(exercise  and  control)  were  calculated  using  the  estimation 
approach  of  Follmann  et  al.  [59] : 


®  -  t/(SDTtial  +  SDgnal)  -  2  (SDinitial  *  *  Corr^^^)  , 

(2) 

where  SDpre  is  the  square  of  the  standard  deviation  for  the 

initial  score,  SDpost  is  the  square  of  the  standard  deviation 
for  the  final  score,  and  Corrpre  post  is  the  correlation  between 
initial  and  final  scores.  Based  on  the  association  between 
initial  and  final  scores,  the  imputed  correlation  for  this 
study  was  0.90.  After  original  metric  change  score  standard 
deviations  were  calculated  from  each  study,  the  pooled 
standard  deviation  for  g  was  calculated  as  follows  [58]: 


SD 


pooled  \ 


l)  SDg  +  (nc  -  l)  SD^ 
ne+nc-  2 


(3) 


where  SDpooled  is  the  pooled  standard  deviation  for  g,  ne  is 
the  sample  size  in  the  exercise  group,  nc  is  the  sample  size  in 
the  control  group,  SD^  is  the  square  of  the  standard  deviation 
in  the  exercise  group,  and  SDt2  is  the  square  of  the  standard 
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deviation  in  the  control  group.  Each  g  was  then  corrected  for 
small  sample  bias  by  multiplying  g  by  a  constant  [58]: 

9*  =  ci9i>  (4) 


where 


C;=  1  - 


3 

4  (ne  +  nc  -  2)  -  1 


(5) 


The  variance  for  each  g  was  then  calculated  as  follows  [58]: 


Var5i 


ne  +  nc  |  g] 
nenc  2(ne  +  ncY 


(6) 


where  Var(/  is  the  variance  for  g,  ne  is  the  sample  size  in 
the  exercise  group,  and  nc  is  the  sample  size  in  the  control 
group.  For  pooling  purposes,  each  g  was  then  weighted  by 
the  inverse  of  the  variance  as  follows  [58]: 


Wi  = 


1 


(7) 


where  represents  the  weight  and  Varg  is  the  variance  for 
each  g. 

Effect  sizes  for  secondary  outcomes  (whole  body  BMD, 
Ward’s  triangle,  intertrochanter,  trochanter,  total  hip,  radius, 
ulna,  calcaneus,  os  calcis,  upper  and  low  body  muscular 
strength,  muscular  power,  and  static  and  dynamic  balance) 
were  also  calculated  using  g.  Generally,  the  magnitude  of 
effect  for  g  may  be  classified  as  trivial  (<0.20),  small  (>0.20 
to  <0.50),  medium  (>0.50  to  <0.80),  or  large  (>0.80)  [60].  A 
g  of  0.30,  for  example,  means  that  exercise  would  result  in  a 
0.30  SD  benefit  over  those  who  did  not  exercise.  The  original 
metric  was  used  to  calculate  all  other  secondary  outcomes: 
cardiorespiratory  fitness  (V02max  in  mL/kg/mhi  ),  body 
weight  (kg),  body  mass  index  (kg/m2),  lean  body  mass  (kg), 
percent  body  fat  (%),  fat  mass  (kg)  calcium  intake  (mg/day), 
vitamin  D  intake  (IU),  and  number  of  fractures. 


2.6.2.  Effect  Size  Pooling.  All  effect  sizes  were  pooled  using 
a  random-effects,  method  of  moments  model  [61].  This 
approach  weights  studies  by  the  inverse  of  the  variance  and 
incorporates  heterogeneity  into  the  model  [61] .  For  both  pri¬ 
mary  and  secondary  outcomes,  pooling  was  limited  to  those 
outcomes  with  at  least  3  effect  sizes.  Multiple  groups  from  the 
same  study  were  analyzed  independently  as  well  as  collapsing 
multiple  groups  so  that  only  one  effect  size  represented  each 
outcome  from  each  study.  A  two-tailed  Z  score  alpha  value 
of  <0.05  was  considered  to  be  statistically  significant  while 
alpha  values  >0.05  but  <0.10  were  considered  as  a  trend. 
Precision  was  determined  using  two-tailed  95%  confidence 
intervals  (CIs).  For  outcomes  with  statistically  significant 
results,  estimation  of  treatment  effects  in  a  new  trial  was 
calculated  using  95%  prediction  intervals  (Pis)  [62-64].  To 
enhance  clinical  relevance,  the  NNT  was  also  estimated  [48]. 
Analysis  of  secondary  outcomes  was  considered  exploratory 
because  they  were  not  part  of  the  inclusion  criteria,  and  thus, 
may  represent  a  biased  sample.  After  initial  pooling,  studies 


with  statistically  significant  residuals  (outliers)  were  deleted 
from  all  further  analysis.  The  alpha  value  for  statistically 
significant  residuals  was  set  at  P  <  0.05.  Because  of  a  lack 
of  data  (<3  effect  sizes),  analysis  of  secondary  outcomes  was 
limited  to  changes  in  body  weight  and  BMD  at  Ward’s  triangle 
and  the  trochanteric  regions. 

Statistical  heterogeneity  of  pooled  results  based  on  fixed- 
effects  models  was  examined  using  the  Q  statistic  and  I2, 
an  extension  of  Q  that  more  accurately  reflects  statistical 
heterogeneity  [65].  The  alpha  value  for  statistical  significance 
for  Q  was  set  at  P  <  0.10.  For  I2,  values  of  25%  to  <50% 
may  be  considered  small,  50%  to  <75%  medium,  and  >75% 
large  [65].  For  this  study,  I~  values  >50%  were  considered 
as  excessive  heterogeneity.  Potential  bias  due  to  small-study 
effects  was  examined  using  the  approach  of  Egger  et  al.  and 
an  alpha  value  for  statistical  significance  of  P  <  0.05  [66]. 
Small- study  effects  include  such  things  as  publication  bias 
and  the  overestimation  of  treatment  effects  in  studies  of 
lower  quality.  For  primary  outcomes,  influence  analysis  was 
conducted  in  order  to  examine  the  effects  of  each  study  on  the 
overall  results.  In  addition,  cumulative  meta- analysis,  ranked 
by  year,  was  also  conducted  [67]. 

2.6.3.  Moderator  Analysis.  Mixed-effects,  ANOVA-like  mod¬ 
els  for  meta-analysis  were  used  to  compare  between-group 
differences  ( Qb )  in  FN  and  FS  BMD  according  to  selected 
categorical  variables,  assuming  that  each  category  included 
at  least  2g’s.  A  random-effects  model  was  used  to  combine 
studies  within  each  subgroup  while  a  fixed-effect  model 
was  used  to  combine  subgroups  and  yield  the  overall  g. 
Between-study  variance  (r2)  was  not  assumed  to  be  equal 
for  all  subgroups.  A  priori  variables  to  examine  included 
type  of  control  group  (nonintervention,  other),  matching 
(yes,  no),  risk  of  bias  for  sequence  generation,  allocation 
concealment,  blinding,  incomplete  outcome  data,  selective 
outcome  reporting  (low  versus  high  risk),  type  of  analysis 
(intention  to  treat,  per  protocol),  provision  of  sample  size 
estimates  (yes,  no),  whether  the  study  was  funded  (yes,  no), 
adverse  events  (yes,  no),  race/ethnicity,  drugs,  other  than 
hormone  therapy,  which  could  positively  or  negatively  affect 
BMD  (yes,  no),  hormone  therapy,  including  oral  contra¬ 
ceptives  (yes,  no),  rheumatoid  arthritis  (yes,  no),  cigarette 
smoking  (yes,  no),  alcohol  consumption  (yes,  no),  changes 
in  physical  activity  habits  outside  the  exercise  intervention 
(yes,  no),  whether  calcium  or  vitamin  D  supplements  were 
given  during  the  study  (yes,  no),  previous  fractures  (yes,  no), 
type  of  exercise  (aerobic,  strength,  both),  exercise  supervision 
status  (supervised,  unsupervised,  both),  location  in  which 
exercise  took  place  (facility,  home,  both),  exercise  partic¬ 
ipation  (self,  group,  both),  reaction  forces  (ground,  joint, 
both),  and  instrument  used  to  assess  BMD  (Funar,  Hologic). 
However,  because  of  a  lack  of  data  (<2gs  per  category), 
moderator  analysis  was  limited  to  type  of  control  group, 
type  of  analysis,  sample  size  estimates,  funding  (FN  only), 
calcium  administration  during  the  study  (FN  only),  type  of 
exercise  (aerobic,  strength),  exercise  supervision  (FN  only), 
location  in  which  exercise  took  place  (facility  versus  home, 
FN  only),  exercise  participation  (group  versus  self,  FN  only), 
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reaction  forces  (ground  versus  joint),  and  instrument  used  to 
assess  BMD  (FN  only).  Post  hoc,  an  examination  for  potential 
differences  in  FN  and  FS  BMD  when  partitioned  according 
to  whether  studies  were  at  a  low  versus  unclear  risk  for 
incomplete  outcome  data  was  conducted.  Because  of  a  lack 
of  data  for  categorizing,  a  statistical  examination  for  other 
forms  of  bias  (sequence  generation,  allocation  concealment, 
blinding,  selective  outcome  reporting)  was  not  possible.  The 
alpha  level  for  statistical  significance  for  Qb  was  set  at  P  < 
0.05. 

2.6.4.  Metaregression.  Simple  mixed- effects,  method 
of  moments  metaregression  was  used  to  examine  the 
association  between  changes  in  FN  and  FS  BMD  and 
selected  continuous  variables,  assuming  that  at  least  3g’s  were 
available  for  each  analysis.  Potential  predictors  established 
a  priori  included  percentage  of  dropouts  in  the  exercise 
intervention  groups,  age,  length,  frequency  and  intensity 
of  training,  duration  of  training  (aerobic  exercise  only), 
compliance  to  the  exercise  protocol,  total  minutes  of  training 
(unadjusted  and  adjusted  for  compliance,  aerobic  exercise 
only),  number  of  sets,  repetitions  and  exercises  (strength 
training  only),  load  rating  of  the  exercise  interventions, 
calculated  from  previous  research  [51],  baseline  BMD  and 
changes  in  cardiorespiratory  fitness,  balance  (static  and 
dynamic),  calcium  intake,  muscular  strength  (upper  and 
lower),  body  weight,  BMI,  lean  body  mass,  fat  mass,  and 
percent  body  fat.  However,  because  of  a  lack  of  data  (<3g’s), 
metaregression  analysis  was  limited  to  dropouts,  age,  length 
of  training,  frequency  of  training,  duration  of  training, 
compliance,  unadjusted  total  minutes  of  training,  adjusted 
total  minutes  of  training  (FN  only),  load  rating,  number  of 
sets  and  exercises  (FN  only),  changes  in  upper  and  lower 
body  strength,  bodyweight  (FN  only),  and  baseline  BMD. 
Analyses  were  limited  to  simple  metaregression  versus 
multiple  metaregression  because  of  missing  data  for  different 
variables  from  different  studies.  The  alpha  level  for  statistical 
significance  was  set  at  P  <  0.05. 

2.6.5.  Software  Used  for  Statistical  Analysis.  Data  were 
analyzed  using  Comprehensive  Meta- Analysis  (version  2.2) 

[68] ,  Microsoft  Excel  2007  [56],  and  SSC-Stat  (version  2.18) 

[69] , 

3.  Results 

3.1.  Study  Characteristics.  After  screening  1055  citations, 
seven  studies  representing  17  groups  (10  exercise,  7  con¬ 
trol)  and  521  participants  (269  exercise,  252  control)  met 
the  criteria  for  inclusion  [14-20].  A  flow  diagram  for  the 
selection  of  studies  is  shown  in  Supplementary  File  1,  a 
general  description  of  the  characteristics  of  each  study  in 
Table  1,  and  baseline  characteristics  of  the  participants  in 
Table  2.  A  list  of  excluded  studies,  including  the  reasons  for 
exclusion,  is  available  upon  request  from  the  corresponding 
author.  For  the  included  studies,  the  number  of  exercise 
groups  exceeded  the  number  of  control  groups  because  two 
studies  included  more  than  one  exercise  group  [14,  17].  All 


studies  were  published  in  English-language  journals  between 
1995  and  2011  [14-20].  Five  studies  were  conducted  in  the 
United  States  [15,  17-20],  one  in  Australia  [14]  and  one  in 
Finland  [16].  For  type  of  control  groups,  four  studies  used  a 
nonintervention  control  group  [  1 6- 1 8, 20]  while  three  others 
used  alternative  approaches  (usual  care,  attention  control) 
[14,  15,  19].  With  respect  to  matching,  one  study  matched 
participants  according  to  bodyweight  and  oral  contraceptive 
use  [16]  while  another  matched  according  to  age  and  oral 
contraceptive  use  [20].  None  of  the  studies  used  a  crossover 
design  [14-20].  For  sample  size  justification,  three  studies 
supplied  power  estimates  to  support  such  [14,  16,  19].  Five 
studies  used  the  per-protocol  approach  [14,  15,  17,  18,  20] 
while  the  remaining  two  used  intention  to  treat  [16,  19]  to 
analyze  their  data. 

For  external  funding,  five  [15-17,  19,  20]  of  7  studies 
reported  receiving  some  type  of  external  funding  to  conduct 
their  project.  The  dropout  rate  ranged  from  13.9%  to  63.6% 
in  the  exercise  groups  ( x  ±SD  =  40.3%  ±  17.8%,  Mdn  = 
46%)  and  5.0%  to  57.8%  in  the  control  groups  ( x  ±  SD  = 
28.5%  ±  19.7%,  Mdn  =  28%).  For  the  4  studies  that  reported 
dropout  data  separately  for  exercise  and  control  groups  [14, 
16,  17,  19]  reasons  for  dropping  out  or  being  dropped  in 
the  exercise  groups  included  changed  circumstances,  time 
constraints,  injuries  or  pain  which  may  or  may  not  have  been 
associated  with  the  exercise  intervention,  personal  issues, 
pregnancy,  moving,  loss  of  interest,  uptake  of  medications 
that  could  affect  BMD,  and  noncompliance  with  the  exercise 
intervention.  For  control  groups,  reasons  included  changed 
circumstances,  injury,  moving,  loss  of  interest,  pregnancy, 
and  uptake  of  medications  that  could  affect  BMD.  For  the  one 
study  that  provided  information,  no  serious  adverse  events 
were  reported  [16]. 


3.2.  Participant  Characteristics.  Initial  physical  characteris¬ 
tics  of  the  participants  are  shown  in  Table  2.  For  the  three 
studies  that  reported  data  on  race/ethnicity  [15,  18,  19], 
participants  included  primarily  Whites.  Other  racial/ethnic 
groups  included  Asians  as  well  as  Hispanics  and/or  Fatinos. 
Two  studies  reported  that  none  of  the  subjects  were  taking 
any  type  of  hormone  therapy,  including  hormonal  contracep¬ 
tives  [15,  18]  while  the  other  five  reported  that  some  were 
[14,  16,  17,  19,  20].  For  drugs  other  than  hormone  therapy 
that  could  affect  BMD,  two  studies  reported  no  use  of  such 
[18,20]  while  one  reported  that  some  were  [16].  Three  studies 
reported  that  none  of  the  participants  had  osteopenia  or 
osteoporosis  [15,  17,  20]  while  two  reported  no  secondary 
osteoporosis  [15,  20].  With  respect  to  cigarette  smoking,  two 
studies  reported  that  none  of  the  participants  were  currently 
smoking  cigarettes  [16,  17].  Three  studies  in  which  data 
were  available  reported  no  change  in  the  participants’  levels 
of  exercise  beyond  the  exercise  intervention  itself  [16,  18, 
19].  Two  studies  reported  that  calcium  was  given  to  all 
participants  [17,  18];  one  reported  that  some  participants 
received  calcium  [15]  while  two  others  reported  no  calcium 
supplementation  [14,  19].  For  vitamin  D  intake,  one  study 
reported  administering  vitamin  D  to  all  participants  [15] 
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while  two  others  reported  no  administration  of  vitamin  D 
[14, 19]. 


Incomplete  outcome  reporting 


3.3.  Exercise  Intervention  Characteristics.  A  description  of 
the  training  program  characteristics  is  shown  in  Table  1. 
As  can  be  seen,  the  exercise  interventions  varied.  Across  all 
intervention  groups,  length  of  training  ranged  from  24  to  104 
weeks  (x  ±  SD  =  63.6  ±  32.8,  Mdn  =  65)  while  frequency 
ranged  from  2  to  7  days  per  week  (x  ±  SD  =  3.1  ±  1.4, 
Mdn  =  3).  Compliance,  defined  as  percentage  of  exercise 
sessions  attended,  ranged  from  44%  to  90%  (x  ±  SD  = 
71.7%  ±  17.7%,  Mdn  =  83%).  For  those  groups  in  which 
data  were  available,  four  participated  in  either  supervised  or 
unsupervised  exercise  while  one  participated  in  both.  For 
location  where  exercise  took  place,  six  participated  in  facility- 
based  exercise,  three  in  home-based  exercise,  and  one  did 
both.  With  respect  to  exercise  participation,  three  groups 
participated  in  group-based  exercise,  four  participated  in 
exercise  on  their  own,  and  one  did  both.  Five  exercise  groups 
participated  in  ground  reaction  force  exercise,  three  in  joint 
reaction  force  exercise,  and  two  in  both.  The  exercise  load 
rating  ranged  from  9.1  to  1481  (x  ±  SD  =  388.2  ±  618.6, 
Mdn  =  10.1)  for  the  nine  groups  that  reported  data  for  such. 

3.4.  BMD  Assessment  Characteristics.  A  description  of  FN 
and  FS  BMD  assessment  is  shown  in  Table  1 .  For  those  studies 
in  which  data  were  available,  three  reported  using  Funar  dual¬ 
energy  X-ray  absorptiometry  [14,  19,  20]  while  two  others 
used  a  Hologic  instrument  [15,  17].  Coefficients  of  variation 
ranged  from  0.5%  to  4%  at  the  FN  and  0.3%  to  4%  at  the  FS. 

3.5.  Risk  of  Bias  Assessment.  Overall  results  for  risk  of  bias 
are  shown  in  Figure  1  while  study  level  results  are  shown 
in  Supplementary  file  3.  As  can  be  seen,  all  studies  were 
considered  to  be  at  a  low  risk  for  bias  with  respect  to  sequence 
generation  and  blinding  [14-20].  In  contrast,  allocation 
concealment  was  categorized  as  unclear  in  86%  of  the  studies 
and  low  risk  in  14%.  Results  for  incomplete  outcome  data 
were  mixed,  with  43%  considered  to  be  at  low  risk  for  bias  and 
57%  classified  as  unclear.  Finally,  because  none  of  the  studies 
provided  a  clinical  trials  registry  number,  selective  outcome 
reporting  was  considered  to  be  unclear  for  all  of  the  studies 
[14-20]. 


Incomplete  outcome  data 
Blinding 


Allocation  concealment 


Sequence  generation 


0  20  40  60  80  100 


(%) 


■  Low  risk 

■  High  risk 

■  Unclear 

Figure  1 :  Risk  of  bias.  Pooled  risk  of  bias  results  using  the  Cochrane 
Risk  of  Bias  Assessment  Tool  [57]. 

significant  small-study  effects  were  observed  (P  =  0.05).  With 
each  study  deleted  from  the  model  once,  results  remained 
statistically  significant  (Figure  3).  Cumulative  meta-analysis 
demonstrated  that  results  have  been  statistically  significant, 
or  there  has  been  a  trend  for  statistical  significance,  since 
inception  of  the  publication  of  the  first  two  studies  in  1995 
(Figure  4)  [15, 18].  When  results  were  collapsed  so  that  only 
one  g  represented  each  study,  increases  in  FN  BMD  remained 
small,  statistically  significant,  and  with  a  nonsignificant  and 
small  amount  of  heterogeneity  (g  =  0.323,  95%  Cl  =  0.109, 
0.537,  P  =  0.003,  Q  =  7.3,  P  =  0.20,  I2  =  31.4%). 
Because  g  was  used,  no  missing  data  for  FN  BMD  needed  to 
be  requested  from  the  original  study  authors.  The  calculation 
of  g  was  based  on  relative  values  from  five  studies  [14-17, 20] 
and  absolute  values  from  the  other  two  [18,  19].  Original 
metric  change  outcome  SD’s  for  exercise  and  control  groups 
were  estimated  from  change  score  SD’s  in  three  studies  [15, 
16, 20],  one  of  which  was  transformed  from  sample  sizes  and 
standard  errors  of  the  means  [20],  95%  confidence  intervals 
from  two  studies  [14,  17],  and  initial  and  final  standard 
deviations  in  two  others  [18,  19]. 


3.6.  Changes  in  Primary  Outcomes 

3.6.1.  Changes  in  FN  BMD.  Ten  g’s  representing  521  partic¬ 
ipants  from  seven  studies  [14-20]  resulted  in  a  small  but 
statistically  significant  benefit  in  FN  BMD  (g  =  0.280,  95% 
Cl  =  0.036,  0.524,  P  =  0.03,  Q  =  17.8,  P  =  0.04,  I2 
=  49.6%).  However,  one  outlier  was  detected  and  deleted 
from  all  further  FN  BMD  analyses  [20].  With  the  one  outlier 
deleted  from  the  model,  results  remained  small,  statistically 
significant,  and  with  a  nonsignificant  and  small  amount  of 
heterogeneity  observed  (Table  3  and  Figure  2).  Changes  were 
equivalent  to  a  1.1%  benefit  (0.4%  increase  in  the  exercise 
groups,  -0.7%  decrease  in  the  control  groups).  The  NNT 
was  5  while  the  95%  PI  was  -0.116  to  0.800.  Statistically 


3.6.2.  Moderator  Analysis  for  FN  BMD.  The  moderator  anal¬ 
yses  for  FN  BMD  are  shown  in  Supplementary  File  4.  As  can 
be  seen,  there  was  a  trend  for  greater  benefits  in  FN  BMD  for 
those  studies  published  in  countries  other  than  the  United 
States.  In  addition,  there  was  a  trend  for  greater  benefits  in 
those  participating  in  home  versus  facility-based  exercise.  No 
other  statistically  significant  differences  for  FN  BMD  were 
observed,  including  when  reporting  of  incomplete  outcome 
data  were  partitioned  according  to  low  versus  unclear  risk 
(Qb  =  0.55,  P  =  0.46). 

3.6.3.  Regression  Analysis  for  FN  BMD.  Simple  metaregres¬ 
sion  results  for  changes  in  FN  BMD  are  shown  in  Supplemen¬ 
tary  File  5.  As  can  be  seen,  there  was  a  statistically  significant 
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Table  2:  Initial  physical  characteristics  of  participants. 


Variable 

Groups 

(#) 

Participants 

(#) 

Exercise 

3c±SD 

Mdn 

Range 

Groups 

(#) 

Participants 

(#) 

Control 

3c±SD 

Mdn 

Range 

Age  (yrs) 

10 

269 

30.7  ±  5.5 

31 

23-39 

7 

252 

32.8  ±  5.2 

34 

24-39 

Body  weight  (kg) 

10 

269 

62.1  ±  8.1 

60 

55-82 

7 

252 

65.3  ±  7.5 

63 

58-81 

BMD  (g/cm2) 

Femoral  neck 

7 

224 

0.927  ±  0.085 

0.840 

0.85-1.070 

6 

233 

0.938  ±  0.105 

0.909 

0.840-1.090 

Lumbar  spine 

7 

224 

1.118  ±0.120 

1.080 

0.991-1.290 

6 

233 

1.145  ±  0.138 

1.145 

0.986-1.30 

Ward’s  triangle 

4 

81 

0.882  ±  0.062 

0.863 

0.883-0.970 

3 

81 

0.911  ±  0.082 

0.896 

0.833-0.970 

Trochanteric 

6 

196 

0.775  ±  0.099 

0.735 

0.688-0.939 

5 

206 

0.786  ±0.10 

0.765 

0.690-0.909 

Groups  (#):  number  of  groups  in  which  data  were  available;  participants  (#):  number  of  participants  nested  within  groups;  x  ±  SD:  mean  ±  standard  deviation; 
Mdn:  median;  BMD:  bone  mineral  density. 


and  positive  relationship  between  benefits  in  FN  BMD  and 
the  number  of  sets  performed  when  resistance  training  while 
an  inverse  relationship  was  observed  for  exercise  frequency. 
A  trend  for  statistical  significance  was  observed  for  greater 
benefits  in  FN  BMD  and  (1)  shorter  exercise  interventions, 
(2)  lower  initial  FN  BMD,  (3)  increases  in  body  weight,  and 
(4)  decreases  in  upper  body  strength. 

3.6.4.  Changes  in  LS  BMD.  Seven  gs  representing  457  par¬ 
ticipants  from  six  studies  [15-20]  resulted  in  a  trivial  and 
non-significant  difference  in  FS  BMD  ( g  =  0.115,  95%  Cl  = 
-0.108,  0.339,  P  =  0.31,  Q  =  8.5,  P  =  0.20, 1 2  =  29.5%). 
However,  the  same  outlier  as  for  FN  BMD  was  detected 
and  deleted  from  all  further  FS  BMD  analyses  [20].  With 
the  one  outlier  deleted,  results  were  small  but  statistically 
significant  and  heterogeneity  (I2)  was  reduced  to  0%  (Table  3 
and  Figure  5).  The  NNT  was  9  while  the  95%  PI  was  -0.071  to 
0.473.  Calculation  of  percent  change  was  not  possible  because 
of  missing  data  from  two  studies  [16,  19].  No  statistically 
significant  small-study  effects  were  observed  (P  =  0.034). 
With  each  study  deleted  from  the  model  once,  results  were 
no  longer  statistically  significant  or  there  was  no  longer  a 
trend  for  statistical  significance  when  two  were  deleted  from 
the  model  (Figure  6)  [15,  16].  Cumulative  meta-analysis 
demonstrated  that  results  have  been  statistically  significant 
since  inception  of  the  second  study  in  1995  (Figure  7)  [18]. 
When  results  were  collapsed  so  that  only  one  g  represented 
each  study,  increases  in  FS  BMD  remained  small,  statistically 
significant,  and  with  no  apparent  statistical  heterogeneity 
(g  =  0.201,  95%  Cl  =  0.009,  0.394,  P  =  0.04,  Q  =  3.2, 
P  =  0.52,  1 2  =  0%).  Because  g  was  used,  no  missing  data 
for  FS  BMD  needed  to  be  requested  from  the  original  study 
authors.  The  calculation  of  g  was  based  on  relative  values 
from  four  studies  [15-17,  20]  and  absolute  values  from  the 
other  two  [18,  19].  Original  metric  change  outcome  SD’s 
for  exercise  and  control  groups  were  estimated  from  change 
score  SD’s  in  three  studies  [15,  16,  20],  one  of  which  was 
transformed  from  standard  errors  of  the  means  [20],  95% 
confidence  intervals  from  two  studies  [17],  and  initial  and 
final  standard  deviations  in  two  others  [18, 19]. 


3.6.5.  Moderator  Analysis  for  LS  BMD.  Moderator  analyses 
for  FS  BMD  are  shown  in  Supplementary  File  4.  As  can  be 
seen,  no  statistically  significant  differences  were  observed, 
including  when  the  reporting  of  incomplete  outcome  data 
were  partitioned  according  to  low  versus  unclear  risk  ( Qb  = 
0.43,  P  =  0.51). 

3.6.6.  Regression  Analysis  for  LS  BMD.  Simple  metaregres¬ 
sion  results  for  changes  in  FS  BMD  are  shown  in  Supplemen¬ 
tary  File  5.  As  shown,  no  statistically  significant  associations 
were  observed.  A  trend  for  a  statistically  significant  associa¬ 
tion  was  observed  for  greater  benefits  in  FS  BMD  and  earlier 
published  studies. 

3.7.  Changes  in  Secondary  Outcomes.  The  overall  results  for 
secondary  outcomes  are  shown  in  Table  3.  No  statistically 
significant  differences  were  found  for  BMD  at  Ward’s  triangle 
and  the  trochanteric  regions  as  well  as  for  bodyweight.  Small 
but  statistically  significant  increases  were  observed  for  both 
upper  and  lower  body  strength.  A  trend  for  a  statistically  sig¬ 
nificant  and  moderate  amount  of  heterogeneity  was  observed 
for  changes  in  lower  body  strength.  For  both  upper  and  lower 
body  strength,  the  NNT  was  4  while  the  95%  PI  was  -0.879  to 
1.850  for  upper  body  strength  and  -0.492  to  1.388  for  lower 
body  strength.  Small-study  effects  were  non-significant  for 
changes  in  strength  in  both  the  upper  ( P  =  0.33)  and  lower 
( P  =  0.70)  body.  When  results  were  collapsed  so  that  only  one 
g  represented  each  study,  increases  in  lower  body  strength 
remained  small,  statistically  significant,  and  with  no  apparent 
heterogeneity  {g  =  0.429,  95%  Cl  =  0.237,  0.622,  P  =  4.37, 
Q  =  1.4,  P  =  0.71,  I2  =  0%).  No  study  level  analysis  was 
needed  for  changes  in  upper  body  strength  because  none  of 
the  studies  included  multiple  groups. 

4.  Discussion 

The  primary  purpose  of  meta-analysis  is  to  reach  general 
conclusions  regarding  a  body  of  research  [70] .  The  primary 
purpose  of  this  study  was  to  use  the  aggregate  data  meta- 
analytic  approach  to  determine  the  effects  of  exercise  on 
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Study  name 

Group 

Statistics 

for  each  study 

Hedges's 

Lower 

Upper 

g 

limit 

limit 

Bailey  and  Brooke- Wavell,  2010 

2  days  per  week 

0.269 

-0.399 

0.937 

Bailey  and  Brooke- Wavell,  2010 

4  days  per  week 

0.655 

-0.069 

1.378 

Bailey  and  Brooke- Wavell,  2010 

7  days  per  week 

1.076 

0.365 

1.787 

Friedlander  et  al.,  1995 

None 

0.538 

0.035 

1.041 

Heinonen  et  al.,  1996 

None 

0.379 

-0.054 

0.812 

Liang  et  al.,  2011 

Step  aerobics 

0.051 

-0.607 

0.708 

Liang  et  al.,  2011 

Strength  training 

0.494 

-0.185 

1.174 

Lohman  et  al.,  1995 

None 

0.224 

-0.314 

0.762 

Warren  et  al.,  2008 

None 

0.000 

-0.322 

0.322 

0.342 

0.132 

0.553 

Hedges's  g  and  95%  Cl 


-1  0  1 
Control  Exercise 


2 


Figure  2:  Forest  plot  for  changes  in  FN  BMD.  Forest  plot  for  point  estimate  standardized  effect  size  changes  ( g )  in  FN  BMD.  The  black  squares 
represent  the  standardized  mean  difference  (g)  while  the  left  and  right  extremes  of  the  squares  represent  the  corresponding  95%  confidence 
intervals.  The  middle  of  the  black  diamond  represents  the  overall  standardized  mean  difference  (g)  while  the  left  and  right  extremes  of  the 
diamond  represent  the  corresponding  95%  confidence  intervals.  Negative  results  favor  control  groups  while  positive  results  favor  exercise 
groups. 


Study  name 

Group 

Point 

Statistics  with  study  removed 

Lower  Upper 

limit  limit  Z  value  P  value 

Bailey  and  Brooke- Wavell, 

2010  7  days  per  week 

0.257 

0.077 

0.437 

2.805 

0.005 

Friedlander  et  al.,  1995 

None 

0.319 

0.087 

0.551 

2.697 

0.007 

Bailey  and  Brooke- Wavell, 

2010  4  days  per  week 

0.32 

0.099 

0.542 

2.831 

0.005 

Liang  et  al.,  2011 

Strength  training 

0.336 

0.106 

0.567 

2.856 

0.004 

Heinonen  et  al.,  1996 

None 

0.349 

0.101 

0.597 

2.761 

0.006 

Bailey  and  Brooke- Wavell, 

2010  2  days  per  week 

0.359 

0.124 

0.594 

2.995 

0.003 

Lohman  et  al.,  1995 

None 

0.369 

0.129 

0.609 

3.010 

0.003 

Liang  et  al.,  2011 

Step  aerobics 

0.375 

0.147 

0.603 

3.225 

0.001 

Warren  et  al.,  2008 

None 

0.432 

0.342 

0.225 

0.132 

0.639 

0.553 

4.095 

3.187 

0.000 

0.001 

Hedges's  g  (95%  Cl)  with  study  removed 


-1  -0.5  0  0.5  1 


Control  Exercise 


Figure  3:  Influence  analysis  for  changes  in  FN  BMD.  Influence  analysis  for  point  estimate  standardized  effect  size  changes  ( g )  in  FN  BMD 
with  each  corresponding  study  deleted  from  the  model  once.  The  black  squares  represent  the  standardized  mean  difference  (g)  while  the 
left  and  right  extremes  of  the  squares  represent  the  corresponding  95%  confidence  intervals.  The  middle  of  the  black  diamond  represents 
the  overall  standardized  mean  difference  [g)  while  the  left  and  right  extremes  of  the  diamond  represent  the  corresponding  95%  confidence 
intervals.  Results  are  ordered  from  smallest  to  largest  values  of  g.  Negative  results  favor  control  groups  while  positive  results  favor  exercise 
groups. 


Table  3:  Changes  in  primary  and  secondary  outcomes. 


Variable3 

Studies  (#) 

ES  (#) 

Participants  (#) 

x  (95%  Cl) 

Z(P) 

Q(P) 

1 2  (%) 

Primary 

Femoral  neck 

7 

9 

466 

0.342  (0.132,0.553) 

3.19  (0.001)* 

10.8  (0.22) 

25.7 

Lumbar  spine 

5 

6 

402 

0.201  (0.009,  0.394) 

2.05  (0.04)* 

3.3  (0.65) 

0 

Secondary 

Ward’s  triangle 

3 

4 

162 

0.088  (-0.207,  0.383) 

0.59  (0.56) 

2.9(0.41) 

0 

Trochanteric 

7 

10 

521 

0.085  (-0.097,  0.267) 

0.92  (0.36) 

10.5  (0.31) 

14.1 

Body  weight  (kg) 

5 

5 

296 

0.4  (-0.5,  1.3) 

0.93  (0.35) 

2.1  (0.72) 

0 

Strength  (upper  body) 

3 

3 

295 

0.49  (0.28,  0.70) 

4.56  (0.0001)* 

1.2  (0.56) 

0 

Strength  (lower  body) 

4 

5 

346 

0.45  (0.14,  0.75) 

2.88  (0.004)* 

8.78  (0.07)** 

54.4 

“Unless  noted  otherwise,  all  outcomes  are  reported  as  standardized  effect  size  (g);  ES:  effect  size;  #:  number;  participants  (#):  number  of  exercise  and  control 
participants  nested  within  ES’s  and  studies;  Z  ( P ):  Z  score  and  alpha  value;  Q  (P):  Cochran’s  Q  statistic  and  alpha  value;  I2  (%):  I  squared;  ’statistically 
significant  (P  <  0.05);  **  trend  for  statistical  significance  (P  >  0.05  to  <0.10). 
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Study  name 

Group 

Cumulative  statistics 

Lower 

Upper 

Point 

limit 

limit 

Z  value 

P  value 

Friedlander  et  al.,  1995 

None 

0.538 

0.035 

1.041 

2.097 

0.036 

Lohman  et  al.,  1995 

None 

0.392 

0.024 

0.759 

2.09 

0.037 

Heinonen  et  al.,  1996 

None 

0.386 

0.106 

0.666 

2.705 

0.007 

Warren  et  al.,  2008 

None 

0.239 

-0.006 

0.484 

1.911 

0.056 

Bailey  and  Brooke- Wavell,  2010  2  days  per  week 

0.225 

0.023 

0.426 

2.185 

0.029 

Bailey  and  Brooke- Wavell,  2010  4  days  per  week 

0.259 

0.061 

0.456 

2.568 

0.010 

Bailey  and  Brooke- Wavell,  2010 

7  days  per  week 

0.373 

0.119 

0.627 

2.882 

0.004 

Liang  et  al.,  2011 

Step  aerobics 

0.336 

0.106 

0.567 

2.856 

0.004 

Liang  et  al.,  2011 

Strength  training 

0.342 

0.132 

0.553 

3.187 

0.001 

0.342 

0.132 

0.553 

3.187 

0.001 

Cumulative  Hedges's  g  (95%  Cl) 


-1  -0.5 

Control 


Exercise 


Figure  4:  Cumulative  meta-analysis  for  changes  in  FN  BMD.  Cumulative  meta-analysis,  ordered  by  year,  for  point  estimate  standardized 
effect  size  changes  ( g )  in  FN  BMD.  The  black  squares  represent  the  standardized  mean  difference  ( g )  while  the  left  and  right  extremes  of  the 
squares  represent  the  corresponding  95%  confidence  intervals.  The  results  of  each  corresponding  study  are  pooled  with  all  studies  preceding 
it.  The  middle  of  the  black  diamond  represents  the  overall  standardized  mean  difference  ( g )  while  the  left  and  right  extremes  of  the  diamond 
represent  the  corresponding  95%  confidence  intervals.  Negative  results  favor  control  groups  while  positive  results  favor  exercise  groups. 


Study  name 

Group 

Statistics  for  each  study 

Hedges's 

Lower 

Upper 

a 

limit 

limit 

Friedlander  et  al.,  1995 

None 

0.409 

-0.09 

0.908 

Heinonen  et  al.,  1996 

None 

0.323 

-0.109 

0.754 

Liang  et  al.,  2011 

Step  aerobics 

-0.035 

-0.693 

0.622 

Liang  et  al.,  2011 

Strength  training 

-0.183 

-0.854 

0.488 

Lohman  et  al.,  1995 

None 

0.381 

-0.16 

0.921 

Warren  et  al.,  2008 

None 

0.129 

-0.193 

0.452 

0.201 

0.009 

0.394 

Hedges's  g  and  95%  Cl 


-0.75  0  0.75 

Control  Exercise 


1.5 


Figure  5:  Forest  plot  for  changes  in  LS  BMD.  Forest  plot  for  point  estimate  standardized  effect  size  changes  ( g )  in  LS  BMD.  The  black  squares 
represent  the  standardized  mean  difference  ( g )  while  the  left  and  right  extremes  of  the  squares  represent  the  corresponding  95%  confidence 
intervals.  The  middle  of  the  black  diamond  represents  the  overall  standardized  mean  difference  ( g )  while  the  left  and  right  extremes  of  the 
diamond  represent  the  corresponding  95%  confidence  intervals.  Negative  results  favor  control  groups  while  positive  results  favor  exercise 
groups. 


FN  and  LS  BMD  in  premenopausal  women  and  to  examine 
potential  moderators  and  predictors  of  such  changes.  To 
the  best  of  the  investigative  team’s  knowledge,  this  is  the 
first  meta-analysis  on  exercise  and  BMD  in  premenopausal 
women  limited  to  randomized  controlled  trials.  The  overall 
findings  suggest  that  exercise  results  in  small,  as  defined  by 
Cohens  categorization  for  the  magnitude  of  effect  for  g  [60], 
but  statistically  significant  benefits  in  both  FN  and  LS  BMD. 
These  findings  are  similar  to  the  statistically  significant  results 
reported  for  LS  BMD  in  two  earlier  meta-analyses  but  differ 
with  respect  to  FN  BMD  [37, 44].  One  possible  reason  for  the 
lack  of  statistically  significant  findings  for  FN  BMD  in  the 
two  previous  meta-analyses  may  have  to  do  with  the  small 
number  of  results  that  were  pooled.  Specifically,  one  meta¬ 
analysis  pooled  results  from  three  randomized  controlled 
trials  [44]  while  a  second  pooled  results  from  five  randomized 


controlled  trials  [37].  A  second  possible  reason  may  have  to 
do  with  the  differing  inclusion  criteria  across  meta-analyses. 
In  contrast,  the  overall  findings  of  the  current  investigation 
are  in  agreement  with  the  overall  findings  of  the  James  and 
Carroll  meta-analysis  [41]. 

To  the  best  of  the  investigative  teams  knowledge,  this 
is  the  first  meta-analysis  to  report  NNT  for  exercise  and 
BMD  studies  in  premenopausal  women.  The  current  findings 
suggest  that  less  than  10  women  would  need  to  exercise  in 
order  to  derive  benefit  in  BMD  at  the  FN  and  LS.  However, 
whether  the  magnitude  of  effect  is  large  enough  to  reduce  the 
risk  of  site-specific  fractures  in  those  women  who  improve 
their  FN  and  LS  BMD  is  not  known. 

While  the  exercise-induced  benefits  observed  for  FN 
and  LS  BMD  were  considered  small  and  statistically  sig¬ 
nificant,  the  direct  clinical  importance  of  such  changes  is 
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Study  name  Group 


Friedlander  et  at,  1995 
Heinonen  et  at,  1996 
Lohman  et  al.,  1995 
Liang  et  at,  2011 
Liang  et  at,  2011 
Warren  et  at,  2008 


Point 

None  0.165 

None  0.171 

None  0.175 

Step  aerobics  0.224 

Strength  training  0.236 
None  0.241 

0.201 


Statistics  with  study  removed  Hedges's  g  (95%  Cl)  with  study  removed 


Lower 

Upper 

limit 

limit 

Z  value 

P  value 

-0.044 

0.374 

1.55 

0.121 

-0.044 

0.387 

1.56 

0.119 

-0.031 

0.382 

1.668 

0.095 

0.022 

0.425 

2.176 

0.030 

0.035 

0.437 

2.300 

0.021 

0.001 

0.482 

1.971 

0.049 

0.009 

0.394 

2.050 

0.040 

-0.5  -0.25 

Control 

0  0.25  0.5 

Exercise 


Figure  6:  Influence  analysis  for  changes  in  LS  BMD.  Influence  analysis  for  point  estimate  standardized  effect  size  changes  ( g )  in  LS  BMD  with 
each  corresponding  study  deleted  from  the  model  once.  The  black  squares  represent  the  standardized  mean  difference  ( g )  while  the  left  and 
right  extremes  of  the  squares  represent  the  corresponding  95%  confidence  intervals.  The  middle  of  the  black  diamond  represents  the  overall 
standardized  mean  difference  ( g )  while  the  left  and  right  extremes  of  the  diamond  represent  the  corresponding  95%  confidence  intervals. 
Results  are  ordered  from  smallest  to  largest  values  of  g.  Negative  results  favor  control  groups  while  positive  results  favor  exercise  groups. 


Study  name  Group  Cumulative  statistics 


Point 

Lower 

limit 

Upper 

limit 

Z  value 

P  value 

Friedlander  et  al.,  1995 

None 

0.409 

-0.09 

0.908 

1.606 

0.108 

Lohman  et  al.,  1995 

None 

0.396 

0.029 

0.763 

2.115 

0.034 

Heinonen  et  al.,  1996 

None 

0.365 

0.086 

0.645 

2.561 

0.010 

Warren  et  al.,  2008 

None 

0.264 

0.053 

0.475 

2.450 

0.014 

Liang  et  al.,  2011 

Step  aerobics 

0.236 

0.035 

0.437 

2.300 

0.021 

Liang  et  al.,  2011 

Strength  training 

0.201 

0.201 

0.009 

0.009 

0.394 

0.394 

2.050 

2.050 

0.040 

0.040 

-I 


Cumulative  Hedges's  g  (95%  Cl) 


-0.5  0  0.5  I 

Control  Exercise 


Figure  7:  Cumulative  meta-analysis  for  changes  in  LS  BMD.  Cumulative  meta-analysis,  ordered  by  year,  for  point  estimate  standardized 
effect  size  changes  {g)  in  LS  BMD.  The  black  squares  represent  the  standardized  mean  difference  {g)  while  the  left  and  right  extremes  of  the 
squares  represent  the  corresponding  95%  confidence  intervals.  The  results  of  each  corresponding  study  are  pooled  with  all  studies  preceding 
it.  The  middle  of  the  black  diamond  represents  the  overall  standardized  mean  difference  ( g )  while  the  left  and  right  extremes  of  the  diamond 
represent  the  corresponding  95%  confidence  intervals.  Negative  results  favor  control  groups  while  positive  results  favor  exercise  groups. 


not  known.  Previous  meta-analytic  work  in  postmenopausal 
women  reported  that  a  1%  improvement  in  spine  BMD 
was  associated  with  a  small  but  statistically  significant  0.03 
decrease  in  the  relative  risk  of  vertebral  fracture  as  a  result  of 
antiresorptive  therapy  [71].  However,  this  study  was  limited 
to  postmenopausal  women  using  antiresorptive  agents.  Since 
the  effects  of  exercise  on  BMD  may  be  different  from  antire¬ 
sorptive  therapy,  these  findings  may  need  to  be  interpreted 
with  caution  when  applied  to  exercise.  While  additional 
research  is  needed,  it  would  seem  plausible  that  any  exercise- 
induced  benefit  on  FN  and  LS  BMD  in  premenopausal 
women  might  be  beneficial,  especially  when  viewed  from  a 
population-wide  perspective. 

While  the  overall  results  suggest  that  exercise  benefits  FN 
and  LS  BMD  in  premenopausal  women,  these  findings  should 
be  viewed  with  respect  to  several  factors.  First,  the  95%  PI 
for  treatment  effects  if  a  new  trial  was  conducted  crossed 
zero  (0)  for  both  FN  and  LS  BMD.  It  has  been  suggested 


that  nonoverlapping  PI  allows  for  more  robust  meta-analytic 
conclusions  [64].  Second,  small-study  effects  were  observed 
for  ES  changes  in  FN  BMD.  This  suggests  that  ES  benefits 
may  be  inflated.  Third,  influence  analysis  for  ES  changes  in 
LS  BMD  resulted  in  P  values  >  0.10  when  two  studies  were 
deleted  separately  from  the  model.  This  suggests  a  possible 
lack  of  robustness  across  studies.  Finally,  while  BMD  has 
been  shown  to  account  for  approximately  60%  to  70%  of 
the  variation  in  bone  strength,  it  does  not  account  for  other 
aspects  of  bone  quality  such  as  microarchitecture  [72,  73]. 
Thus,  the  potential  benefits  of  effects  of  exercise  on  bone 
strength,  when  limited  to  BMD,  may  be  underestimated. 
However,  a  recent  systematic  review  with  meta- analysis 
was  only  able  to  locate  one  randomized  controlled  trial 
addressing  the  effects  of  exercise  on  bone  outcomes  other 
than  BMD  (bone  strength  index,  stress-strain  index,  maximal 
moment  of  inertia,  cross-sectional  moment  of  inertia,  and 
section  moduli)  in  premenopausal  women  [74].  Overall, 
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no  statistically  significant  effect  of  a  12-month  progressive 
impact  exercise  program  was  found  at  the  proximal  tibia 
and  femoral  shaft  [75].  However,  greater  compliance  was 
associated  with  improvements  ranging  from  0.5%  to  2.5% 
at  the  proximal  tibia  [75].  Clearly,  additional  well-designed 
randomized  controlled  trials  are  needed  to  address  the  effects 
of  exercise  on  bone  outcomes  other  than  BMD. 

Moderator  analyses  resulted  in  a  trend  for  greater  ben¬ 
efits  on  FN  BMD  when  exercise  took  place  in  the  home 
versus  a  facility.  Since  the  investigative  team  is  not  aware 
of  any  consensus  in  the  literature  regarding  which  location 
is  superior,  future  research  in  this  area  appears  warranted. 
In  addition  to  several  other  non-significant  findings,  no 
statistically  significant  differences  were  observed  when  data 
were  partitioned  according  to  type  of  exercise  as  well  as  type 
of  reaction  forces  induced  by  exercise. 

In  subgroup  analyses,  a  recent  meta-analysis  by  James 
and  Carroll  reported  changes  in  FN  and  FS  BMD  for  high- 
impact  only  protocols  as  well  as  combined  impact/resistance 
training  protocols  in  premenopausal  women  [41].  A  signif¬ 
icant  improvement  in  FN  but  not  FS  was  found  as  a  result 
of  high-impact  protocols  while  combined  impact/resistance 
training  resulted  in  significant  improvements  in  FS  but 
not  FN  BMD  [41].  When  limited  to  ground  reaction  force 
exercise,  the  results  of  the  current  meta-analysis  are  similar 
to  the  high-impact  protocol  results  of  James  and  Carroll  [41] 
(FN,  g  =  0.454,  95%  Cl  =  0.143,  0.764,  P  =  0.004;  FS, 
g  =  0.215,  95%  Cl  =  -0.146,  0.576,  P  =  0.243).  However, 
because  of  the  small  sample  size,  investigators  in  the  current 
meta-analysis  were  unable  to  perform  subgroup  analyses  for 
combined  ground  and  joint  reaction  force  exercise.  While 
these  findings  are  interesting,  it  is  probably  not  appropriate 
to  make  a  decision  about  whether  ground  and  joint  reaction 
force  exercise  studies  should  be  pooled  based  on  running 
separate  analyses  for  each.  The  primary  reasons  for  this 
include  the  small  sample  sizes  as  well  as  the  inability  to 
control  for  other  potentially  confounding  variables.  Rather, 
these  potential  differences  would  need  to  be  tested  in  well- 
designed  randomized  controlled  trials. 

Simple  metaregression  analyses  resulted  in  several  note¬ 
worthy  associations  that  may  be  appropriate  for  future  inves¬ 
tigation.  Specifically,  there  was  a  trend  for  greater  increases 
in  FN  BMD  with  shorter  exercise  interventions  as  well 
as  a  statistically  significant  association  between  increases 
in  FN  BMD  and  fewer  days  per  week  of  exercise.  One 
possible  explanation  for  the  negative  associations  observed 
may  have  to  do  with  the  loss  of  calcium  from  excessive 
exercise  [76,  77].  This  causes  a  decrease  in  serum  calcium, 
followed  by  an  increase  in  serum  parathyroid  hormone, 
which  then  stimulates  bone  resorption  [76,  77].  However, 
no  association  was  observed  between  changes  in  FN  BMD 
and  duration  of  training  as  well  as  exercise  load  rating.  Thus, 
while  these  findings  are  interesting,  further  dose-response 
research  is  needed  before  any  firm  conclusions  can  be  drawn. 
For  resistance  training,  greater  increases  in  FN  BMD  were 
associated  with  a  greater  number  of  sets.  Since  sweating  as  a 
result  of  resistance  training  is  usually  not  as  great  as  that  from 
aerobic  exercise,  it  may  be  that  a  greater  but  undetermined 
amount  of  resistance  training  is  needed  to  increase  FN 


BMD  in  premenopausal  women.  However,  no  association 
was  found  between  the  number  of  exercises  performed  and 
changes  in  FN  BMD.  Given  the  former,  it  would  appear 
appropriate  to  suggest  that  future  dose-response  studies  are 
needed  to  address  this  issue.  Until  that  time,  it  would  appear 
plausible  to  suggest  adherence  to  current  exercise  guidelines 
for  optimizing  BMD  in  adults  [78]. 

The  trend  for  greater  benefits  in  FN  BMD  and  lower 
baseline  BMD  at  the  FN  suggests  that  those  with  lower  FN 
BMD  may  derive  the  greatest  benefits  as  a  result  of  exercise. 
This  finding  would  seem  to  be  entirely  reasonable.  The  trend 
for  increases  in  FN  BMD  to  be  associated  with  increases 
in  body  weight  supports  well-established  research  regarding 
greater  BMD  in  heavier  adult  humans.  Other  than  chance, 
the  investigative  team  has  no  plausible  explanation  for  the 
observed  association  between  increases  in  FN  BMD  and 
smaller  increases  in  upper  body  strength.  Finally,  there  was 
a  trend  for  greater  benefits  in  FS  BMD  for  those  studies 
published  during  the  earlier  years.  This  observed  association 
may  be  reflective  of  improved  study  designs  in  more  recent 
years. 

While  the  results  for  moderator  and  regression  analyses 
are  interesting,  they  should  be  viewed  with  respect  to  the 
following  potential  limitations.  First,  because  of  missing 
data  for  different  variables  from  different  studies,  multiple 
metaregression  analysis  was  not  performed.  Thus,  controlling 
for  potential  confounding  factors  was  not  possible.  Second, 
because  of  the  large  number  of  statistical  tests  conducted,  one 
or  more  of  the  significant  findings  may  have  been  nothing 
more  than  the  play  of  chance.  However,  no  adjustment  was 
made  for  alpha  values  because  such  adjustments  tend  to 
be  overly  conservative  [79].  In  addition,  the  investigative 
team  did  not  want  to  miss  any  potentially  important  findings 
that  might  be  worthy  of  further  investigation  [79].  Third, 
since  potential  moderators  and  predictors  are  not  randomly 
assigned  in  meta-analysis,  such  analyses  are  considered  to 
be  observational  [80] .  Therefore,  causal  inferences  cannot  be 
derived  [80].  However,  such  differences  and  associations  do 
provide  direction  for  future  research. 

For  secondary  outcomes,  statistically  significant  increases 
in  both  upper  and  lower  body  strength  were  observed. 
This  suggests  that  exercise,  particularly  resistance  training 
exercise,  can  improve  both  upper  and  lower  body  strength  in 
premenopausal  women.  This  observation  demonstrates  two 
of  the  many  benefits  that  can  be  derived  from  a  regular  exer¬ 
cise  program  [81].  However,  results  for  secondary  outcomes 
in  any  meta- analysis  need  to  be  interpreted  with  caution  since 
the  inclusion  of  such  are  not  mandatory  for  inclusion  in  a 
meta-analysis.  Thus,  secondary  outcomes  may  represent  a 
potentially  biased  sample  of  results. 

Several  suggestions  in  relation  to  the  conduct  and  report¬ 
ing  of  future  randomized  controlled  trials  on  the  effects  of 
exercise  in  premenopausal  women  appear  appropriate. 

The  first  issue  has  to  do  with  the  risk  of  bias  findings. 
For  example,  while  all  of  the  studies  were  considered  to  be 
at  a  low  risk  of  bias  with  respect  to  randomized  sequence 
generation,  all  but  one  study  [15]  was  considered  to  be  at 
an  unclear  risk  for  adequate  allocation  concealment.  While 
randomized  sequence  generation  is  important,  it  might  be 
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ineffective  if  it  is  not  protected  by  adequate  concealment 
of  the  allocation  from  those  responsible  for  enrolling  and 
assigning  participants  [82].  To  support  this  contention,  Pildal 
et  al.  [83]  reported  that  binary  effect  estimates  from  random¬ 
ized  controlled  trials  with  inadequate  allocation  concealment 
were  approximately  18%  more  beneficial  than  estimates  from 
trials  with  adequate  concealment.  However,  a  more  specific 
analysis  by  Wood  et  al.  [84]  found  that  intervention  effect  esti¬ 
mates  were  inflated  when  inadequate  allocation  concealment 
was  present  in  trials  with  a  subjective  outcome  but  not  when 
the  outcome  was  objective.  Given  that  the  primary  outcomes 
in  the  current  meta-analysis  were  objective  measures,  that  is, 
changes  in  FN  and  LS  BMD,  inadequate  sequence  generation 
may  not  have  posed  much  of  a  threat.  Notwithstanding 
the  former,  it  would  still  seem  plausible  to  suggest  that 
future  studies  perform  appropriate  allocation  concealment 
procedures  and  report  this  information  in  their  published 
work. 

Because  of  the  objective  nature  of  BMD  assessment,  all 
studies  were  considered  to  be  at  a  low  risk  of  bias  for  blinding. 
While  this  may  indeed  be  the  case,  it  is  also  possible  that 
such  a  classification  may  not  have  been  appropriate.  For 
example,  Pildal  et  al.  [83]  reported  that  a  lack  of  blinding  in 
randomized  controlled  trials  was  associated  with  exaggerated 
odds  ratios  averaging  9%.  However,  this  potential  form  of  bias 
has  been  reported  to  be  greater  for  trials  with  more  subjective 
versus  objective  outcomes  [84],  Thus,  blinding  as  a  potential 
form  of  bias  may  not  have  posed  much  of  a  threat  in  the 
current  meta- analysis.  This  is  important  since  it  is  extremely 
difficult  to  adequately  blind  participants  enrolled  in  exercise 
intervention  studies.  Regardless,  it  would  seem  appropriate 
to  recommend  that  investigators  do  the  best  that  they  can  to 
blind  all  relevant  parties  to  group  assignment. 

Incomplete  (missing)  outcome  data  due  to  drop  outs 
during  a  study  and/or  exclusions  from  a  study  may  result  in 
biased  effect  estimates  [82].  For  the  current  meta- analysis, 
three  studies  were  considered  to  be  at  a  low  risk  for  bias 
[15,  16,  19]  while  four  were  classified  as  unclear  risk  [14,  17, 
18,  20].  However,  since  no  statistically  significant  differences 
between  the  two  were  found  for  changes  in  FN  and  FS  BMD, 
this  potential  form  of  bias  did  not  seem  to  have  an  effect  in 
the  current  meta- analysis. 

Selective  outcome  reporting  may  be  considered  as  a 
subset  of  findings  that  are  reported  based  on  their  results  [85] . 
The  major  concern  is  that  results  which  are  not  statistically 
significant  may  be  withheld.  As  a  result,  meta-analyses  may 
overestimate  treatment  effects.  To  support  this  potential  form 
of  bias,  at  least  three  studies  have  shown  that  outcomes 
with  statistically  significant  findings  are  more  likely  to  be 
reported  than  outcomes  with  non- significant  results  [86- 
88].  For  the  current  meta- analysis,  all  of  the  studies  were 
classified  as  being  at  an  unclear  risk  of  bias  for  selective 
outcome  reporting.  This  was  based  on  the  fact  that  none  of 
the  studies  provided  a  clinical  trials  registry  number  so  that 
the  investigative  team  could  retrieve  and  review  the  original 
study  protocol.  Given  the  inability  to  determine  such,  this 
potential  form  of  bias  cannot  be  ruled  out  for  the  current 
meta- analysis.  It  is  strongly  suggested  that  future  studies 
report  their  clinical  trials  registry  number  so  this  potential 


form  of  bias  can  be  determined.  However,  recent  research 
by  Hartling  et  al.  [89],  has  suggested  that  the  search  and 
identification  for  study  protocols  to  assess  selective  outcome 
reporting  bias  may  not  be  feasible  or  productive.  Given  the 
former,  they  suggest  that  in  the  absence  of  study  protocols 
that  the  outcomes  reported  in  the  methods  section  of  a  paper 
should  be  compared  with  those  reported  in  the  results  [89]. 

Future  randomized  controlled  trials  should  also  report 
more  detailed  information,  by  group,  for  race/ethnicity, 
dropouts,  adverse  events,  cigarette  smoking,  alcohol  con¬ 
sumption,  pharmacological  intake,  parental  history  of  osteo¬ 
porosis  and  fractures,  changes  in  physical  activity  habits 
outside  the  exercise  intervention  as  well  as  baseline  and 
final  changes  in  cardiorespiratory  fitness,  static  and  dynamic 
balance,  calcium  and  vitamin  D  levels,  fat  mass,  and  lean  body 
mass.  In  addition,  it  is  suggested  that  future  studies  analyze 
and  report  data  using  both  per-protocol  and  intention-to- 
treat  analyses.  This  would  allow  one  to  determine  both  the 
efficacy  (per-protocol  analysis)  and  effectiveness  (intention- 
to-treat  analysis)  of  exercise  on  FN  and  FS  BMD  in  pre¬ 
menopausal  women. 

5.  Conclusions 

The  primary  and  accomplished  aim  of  this  study  was  to 
use  the  meta- analytic  approach  to  determine  the  overall 
effects  of  ground  and  joint  reaction  exercise  on  FN  and  LS 
BMD  in  premenopausal  women  when  limited  to  randomized 
controlled  trials.  The  overall  findings  of  the  current  meta¬ 
analysis  provide  additional  support  regarding  the  benefits  of 
exercise,  including  NNT  estimates  to  aid  decision  makers 
regarding  the  utility  of  exercise  for  improving  FN  and  LS 
BMD  in  premenopausal  women.  In  addition,  this  study 
provides  first-time  meta-analytic  evidence,  when  limited  to 
randomized  controlled  trials,  of  potential  moderators  and 
predictors  with  respect  to  changes  in  FN  and  LS  BMD, 
which  appears  worthy  of  pursuing  in  future  well-designed 
randomized  controlled  trials.  The  inability  of  the  current 
meta- analysis  to  provide  a  definitive  exercise  prescription 
warrants  further  research.  In  addition,  the  results  should  be 
interpreted  with  some  trepidation  given  that  the  quality  of 
evidence  could  be  improved. 
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Objective:  Use  the  meta-analytic  approach  to  examine  the  effects  of  ground  and/or  joint  reaction  force  exercise 
on  femoral  neck  (FN)  and  lumbar  spine  (LS)  bone  mineral  density  (BMD)  in  men. 

Methods:  Randomized  controlled  exercise  trials  >24  weeks  were  included.  Standardized  effect  sizes  (g)  were 
calculated  and  pooled  using  random-effects  models,  z-score  alpha  values  and  95%  confidence  intervals  (Cl). 
Heterogeneity  was  examined  using  Q  and  I* 2.  Statistical  significance  was  set  at  a  two-tailed  alpha  value  (p)  of 
<0.05  and  a  trend  at  >0.05  to  <0.10. 

Results:  A  moderate  and  statistically  significant  improvement  was  found  at  the  FN  (3  g's,  187  participants, 
g= 0.583, 95%  Cl  =  0.031, 1.135,p  =  0.04,  Q=  5.6,  p  =  0.06,  l2  =  64%)  while  a  small  trend  was  observed  at  the  LS 
(5  g's,  275  participants,  g= 0.190, 95%CI  =  —0.036, 0.41 6,  p  =  0.10,  Q=  3.0,  p  =  0.55, 12  =  0%).  Results  were  sen¬ 
sitive  to  influence  analysis  as  well  as  collapsing  multiple  groups  from  the  same  studies  so  that  only  one  g  repre¬ 
sented  each  study. 

Conclusions:  There  is  currently  insufficient  evidence  to  recommend  ground  and/or  joint  reaction  force  exercise 
for  improving  and/or  maintaining  FN  and  LS  BMD  in  men.  Additional  well-designed  randomized  controlled  trials 
are  needed  before  any  final  recommendations  can  be  formulated. 

©  2012  Elsevier  Inc.  All  rights  reserved. 


Introduction 

Low  bone  mass  (osteopenia)  and  osteoporosis  increase  the  risk  for 
fracture.  For  example,  it  has  been  estimated  that  the  worldwide  inci¬ 
dence  of  osteoporosis-related  fractures  is  8.9  million  per  year,  about 
one  every  3  s  [1],  The  two  most  common  sites  for  osteoporosis- 
related  fracture  are  the  hip  and  spine  [1], 

While  the  prevalence  of  osteopenia  and  osteoporosis  is  more  com¬ 
mon  in  women  than  men  [2],  the  burden  of  this  problem  among  men 
is  still  substantial.  For  example,  recent  data  from  the  US  National 
Center  for  Health  Statistics  reported  that  the  age-adjusted  prevalence 
of  osteopenia  among  US  men  50  years  of  age  and  older  was  38%  while 
the  age-adjusted  prevalence  for  osteoporosis  was  4%  [2],  Using  the  2010 
population  estimates  from  the  US  Census  Bureau  [3],  this  means  that 
approximately  16.8  million  US  men  50  years  of  age  and  older  currently 
have  osteopenia  while  more  than  1.7  million  have  osteoporosis.  In  ad¬ 
dition,  fracture-related  mortality  rates  are  higher  in  men  than  women 
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[4J.  For  example,  men  with  hip  fractures  have  mortality  rates  that  are 
two  to  three  times  higher  than  women  [5-7].  The  issue  of  fracture- 
related  mortality  in  men  is  especially  important  given  that  the  lifetime 
risk  for  any  osteoporotic  fracture  has  been  estimated  to  be  between 
13%  and  22%  in  men  50  years  of  age  and  older  [8]  and  42%  in  osteopo¬ 
rotic  men  60  years  of  age  and  older  [9],  To  compound  this  problem,  it 
is  estimated  that  by  the  year  2025,  the  worldwide  incidence  of  hip  frac¬ 
tures  occurring  in  men  will  increase  from  0.5  million  in  1990  [10]  to 
1.16  million  in  2025  [11]. 

Maintaining  optimal  bone  mineral  density  (BMD)  levels  in  men  dur¬ 
ing  the  adult  years  is  important  for  reducing  the  risk  of  fracture.  While 
men  traditionally  reach  peak  spine  BMD  by  the  age  of  18  years  and 
peak  hip  BMD  several  years  later  [12],  bone  loss  during  the  adult 
years  occurs  as  a  result  of  bone  resorption  exceeding  formation,  with 
reported  estimates  between  0.5%  and  1.0%  per  year  starting  as  early 
as  30  years  of  age  [13-16].  One  potential,  low-cost,  readily  available 
non-pharmacologic  approach  for  maintaining  optimal  BMD  levels  in 
men  is  exercise.  Unfortunately,  while  some  consider  systematic  reviews 
with  meta-analysis  as  the  highest  level  of  evidence  for  reaching  deci¬ 
sions  regarding  the  effectiveness  of  an  intervention  on  an  outcome 
[17],  especially  when  limited  to  randomized  controlled  trials  [18],  the 
investigative  team  is  aware  of  only  one  meta-analysis,  conducted 
more  than  a  decade  ago,  focused  on  the  effects  of  exercise  on  BMD  in 
men  [19].  Included  in  the  meta-analysis  were  6  controlled  trials  and 
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only  2  randomized  controlled  trials  in  which  BMD  was  assessed  at  any 
region  [19].  While  the  results  were  not  statistically  significant,  the  over¬ 
all  benefits  of  exercise  were  approximately  2%;  a  1.6%  increase  among 
exercisers  and  a  0.4%  decrease  in  controls  [19],  When  partitioned 
according  to  age,  a  statistically  significant  benefit  of  6.7%  (4.2%  increase 
in  exercisers,  2.5%  decrease  in  controls)  was  found  in  men  >31  years  of 
age  with  no  difference  in  men  <31  years  of  age  [19J.  In  addition,  a  sta¬ 
tistically  significant  benefit  of  10.7%  (5.8%  increase  in  exercisers,  4.9% 
decrease  in  controls)  was  observed  at  the  lumbar  spine  (LS)  as  well  as 
a  5%  benefit  at  the  femur  (4.0%  increase  in  exercise  groups,  1.9% 
decrease  in  controls)  [19].  While  statistically  significant  benefits  were 
observed,  both  randomized  and  nonrandomized  controlled  trials  were 
included  with  only  two  of  the  eight  studies  (25%)  reported  as  random¬ 
ized  controlled  trials  [19],  In  addition,  results  for  the  femur  were  pooled 
across  all  femur  sites  assessed,  not  just  the  femoral  neck  (FN)  [19].  The 
inclusion  of  nonrandomized  controlled  trials  is  potentially  problematic 
because  randomized  controlled  trials  are  the  only  way  to  control  for 
confounders  that  are  not  known  or  measured  and  nonrandomized  con¬ 
trolled  trials  tend  to  overestimate  the  effects  of  healthcare  interventions 
[20,21].  In  addition,  since  the  FN  is  the  most  common  hip  fracture  site 
[22 J,  a  focus  on  this  location  versus  all  hip  sites  combined  is  important. 
Furthermore,  since  this  study  was  conducted  more  than  a  decade  ago 
and  the  median  time  before  a  meta-analysis  should  be  updated  has 
been  estimated  at  5.5  years  [23],  this  work  is  in  need  of  updating. 
Given  the  former,  the  purpose  of  this  study  was  to  use  the  aggregate 
data  meta-analytic  approach  to  examine  the  effects  of  exercise  on  FN 
and  LS  BMD  in  men. 

Methods 

Study  eligibility  criteria 

The  a  priori  inclusion  criteria  for  studies  were  as  follows:  (1)  ran¬ 
domized  trials  with  a  comparative  control  group  (non-intervention, 
usual  care,  attention  control),  (2)  men  18  years  of  age  and  older, 
(3)  participants  not  taking  part  in  regular  exercise  prior  to  study  en¬ 
rollment,  (4)  ground  and/or  joint  reaction  force  exercise  intervention 
of  at  least  24  weeks,  (5)  published  and  unpublished  (master's  theses 
and  dissertations)  studies  since  January  1989,  and  (6)  data  available 
for  changes  in  FN  and/or  LS  BMD  as  assessed  by  dual-energy  X-ray 
absorptiometry  (DEXA)  or  dual-photon  absorptiometry  (DPA).  Stud¬ 
ies  not  meeting  all  of  the  above  criteria  were  excluded.  Based  on 
exercise-induced  changes  in  BMD,  studies  were  limited  to  those  in 
which  the  exercise  intervention  lasted  at  least  24  weeks  [24].  Since 
the  investigative  team  was  interested  in  the  independent  effects  of 
exercise  on  FN  and  LS  BMD,  studies  with  multiple  interventions,  for 
example  exercise  and  milk,  were  included  as  long  as  there  was  an 
adequate  comparison  group,  for  example,  milk  only  [25].  Resistance 
training  studies  were  limited  to  those  that  included  lower  body  exer¬ 
cise.  The  year  1989  was  chosen  as  the  start  date  for  inclusion  since 
it  appeared  to  be  the  first  time  that  a  randomized  controlled  trial  on 
exercise  and  BMD  in  adult  humans  was  conducted  [26], 

Data  sources 

Studies  were  identified  from  a  large,  previously  developed  refer¬ 
ence  database  that  included  1055  exclusive  citations  (Fig.  1).  Re¬ 
cords  for  the  original  reference  database  were  retrieved  from  six 
electronic  sources  (PubMed,  Embase,  SportDiscus,  Cochrane  Central 
Register  of  Controlled  Clinical  Trials,  CINAFIL,  Dissertation  Abstracts 
International).  In  addition,  cross-referencing  from  retrieved  studies, 
including  previous  reviews  was  conducted.  Furthermore,  hand  searching 
of  selected  journals  took  place.  A  list  of  journals  that  were  hand  searched 
is  available  upon  request  from  the  corresponding  author.  Keywords  rel¬ 
evant  to  all  searches  included  various  forms  of  the  following:  “exercise”, 
“bone”  and  “randomized”.  All  searches  were  conducted  by  the  second 


author  with  assistance  from  a  Health  Sciences  librarian  at  West  Virginia 
University,  The  last  search  was  conducted  in  August  of  2011.  Based  on 
the  recent  Preferred  Reporting  Items  for  Systematic  Reviews  and 
Meta-Analyses  guidelines  [27],  an  example  of  the  search  strategy  used 
for  one  of  the  electronic  databases  is  shown  in  Supplementary  File  1. 

Study  selection 

Potentially  eligible  studies  were  selected  autonomously  by  the 
first  two  authors.  They  then  met  and  reviewed  all  selections  for  accu¬ 
racy.  Differences  were  resolved  by  consensus.  If  consensus  could  not 
be  reached,  the  third  author  served  as  a  conciliator.  In  addition,  the 
final  list  of  selected  studies  was  reviewed  for  thoroughness  and  com¬ 
prehensiveness  by  the  third  author,  an  expert  on  exercise  and  BMD.  A 
list  of  included  and  excluded  studies,  including  the  reasons  for  exclu¬ 
sion,  was  stored  in  Reference  Manager,  version  12.0.1  [28], 

Data  abstraction 

Prior  to  data  abstraction  electronic  codebooks  were  developed 
using  Microsoft  Excel  2007  [29].  All  codebooks  were  created  by  the 
first  author  with  contributions  from  the  second  and  third  authors. 
Every  codebook  was  then  reviewed  and  tested  by  all  authors.  Code¬ 
books  were  then  modified  by  the  first  author  and  reviewed  and  test¬ 
ed  by  all  authors  until  final  codebooks  for  data  abstraction  were 
available  after  three  iterations.  The  main  categories  of  variables 
coded  were  (1)  study  characteristics  (journal,  risk  of  bias  assess¬ 
ment,  etc.),  (2)  group  characteristics  (age,  bodyweight,  etc.)  and 
(3)  outcome  characteristics  (changes  in  FN  and  LS  BMD,  secondary 
outcomes,  etc.).  All  codebooks  could  retain  up  to  324  items  from 
each  study. 

The  a  priori  primary  outcomes  for  this  study  were  changes  in  FN 
and  LS  BMD.  Secondary  a  priori  outcomes  included  changes  in  other 
BMD  sites  (whole  body,  Ward's  triangle,  intertrochanter,  trochanter, 
total  hip,  radius,  ulna,  calcaneus,  os  calcis),  body  weight,  body  mass 
index  (BMI),  lean  body  mass  (LBM),  percent  body  fat,  fat  mass,  mus¬ 
cular  strength  (upper  and/or  lower),  muscular  power,  cardiorespira¬ 
tory  fitness,  balance  (static  and  dynamic),  calcium  intake,  vitamin  D 
intake  and  fractures.  The  exercise  load  rating  for  each  exercise  group 
from  each  study  was  calculated  using  the  product  of  vertical  ground 
reaction  force  and  rate  of  force  application  as  described  by  Weeks 
and  Beck  [30]. 

All  data  were  abstracted  by  the  first  two  authors,  independent  of 
each  other.  They  then  met  and  reviewed  every  selection  for  correctness. 
Differences  were  resolved  by  discussion.  If  agreement  could  not  be 
reached,  the  third  author  served  as  a  conciliator.  Missing  data  from 
one  study  that  met  all  inclusion  criteria  was  requested  and  successfully 
obtained  [25], 

Risk  of  bias  assessment 

Risk  of  bias  was  assessed  using  the  Cochrane  risk  of  bias  assess¬ 
ment  tool  [31].  Briefly,  risk  of  bias  is  assessed  as  either  low  risk,  high 
risk,  or  unclear  risk  in  five  primary  areas:  (1)  sequence  generation, 
(2)  allocation  concealment,  (3)  blinding  of  participants,  personnel 
and  outcome  assessors,  (4)  incomplete  outcome  data,  and  (5)  selec¬ 
tive  outcome  reporting.  Given  the  objective  nature  of  BMD  assess¬ 
ment,  all  studies  were  considered  to  be  at  a  low  risk  of  bias  with 
respect  to  blinding.  Risk  of  bias  for  selective  outcome  reporting  was 
coded  as  “low  risk"  only  if  the  study  reported  a  study  protocol  identi¬ 
fication  number  [32].  All  risk  of  bias  assessments  were  conducted  by 
the  first  two  authors,  independent  of  each  other.  They  then  met  and 
reviewed  every  item  for  agreement.  Disagreements  were  resolved  by 
consensus. 
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Initial  records  identified 

c 

o 

(n=1 182) 

ro 

-  PubMed  (n=402)  -  Cochrane  (n=1 04) 

o 

-  Embase  (n=73)  -  DAO  (n=36) 

c 

-  CINAHL  (n=224)  -  Other  (n=2) 

0 

■O 

-  Sport  Discus  (n=300)  -  Already  in  File  (n=41) 

Full-text  articles 
assessed  for  eligibility 
(n  =  239) 


Articles  included  in  meta-analysis 
(n  =  3) 


Records  after  duplicates  removed 
(n  =  1055) 


Initial  records  screened  based  on  title  and 
abstract 
(n  =  1 055) 


Records  excluded  (n  =  816), 
with  reasons* 

-  Abstract  (n=39) 

-  Description  of  study  from 
review  or  magazine  -  not  the 
actual  study  (n=4) 

-  Inappropriate  Comparison 
Group  (n=26) 

-  Inappropriate  Intervention 
(n=516) 

-  Inappropriate  Outcomes  (n=52) 

-  Inappropriate  Population 
(n=1 28) 

-  Not  a  RCT  (n=343) 

-  Not  a  BMD  study  (n=80) 

-  Review  article  (n=1 90) 

-  Survey  or  questionnaire  (n=20) 


Records  excluded  (n  =  236), 
with  reasons* 

-  Abstract  (n=5) 

-  Description  of  study  from 
review  or  magazine  -  not  the 
actual  study  (n=4) 

-  Inappropriate  Comparison 
Group  (n=37) 

-  Inappropriate  Intervention 
(n=97) 

-  Inappropriate  Outcomes  (n=30) 

-  Inappropriate  Population 
(n=71) 

-  Not  a  RCT  (n=129) 

-  Not  a  BMD  study  (n=7) 

-  Review  article  (n=1 1 ) 

-  Survey  or  questionnaire  (n=2) 

-  Women  only  (n=32) 

-  Mixed  with  no  separate  data  for 
men  (n  =  2) 


Fig.  1.  Flow  diagram  for  the  selection  of  studies.  *,  number  of  reasons  exceeds  the  number  of  studies  because  some  studies  were  excluded  for  more  than  one  reason. 


Statistical  analysis 

Calculation  of  effect  sizes  from  each  study 

The  a  priori  primary  outcomes  for  this  meta-analysis  were 
changes  in  FN  and  LS  BMD.  These  were  calculated  using  the  standard¬ 
ized  effect  size  (ES)  g  [33].  The  g  was  chosen  over  the  original  metric 
because  of  the  different  methods  used  to  report  data,  specifically, 
absolute  versus  relative  changes  in  BMD  as  well  as  the  variability  in 
assessing  BMD  across  different  studies.  The  g  for  each  group  from 
each  study  was  calculated  as  the  change  score  difference  (absolute 
or  relative)  in  the  exercise  group  minus  the  change  score  difference 
in  the  control  group,  divided  by  the  pooled  standard  deviation  of  the 
exercise  and  control  groups.  The  variance  for  each  g  was  calculated 
from  final  sample  sizes  using  traditional  procedures  [33  j.  All  g's  were 
corrected  for  small  sample  bias  [33]. 

The  a  priori  secondary  outcomes  included  changes  in  BMD  at  any 
site  other  than  the  FN  and  LS  as  well  as  changes  in  body  weight  in 
kilograms,  BMI  in  kg/m2,  LBM,  percent  body  fat,  muscular  strength 
(lower  and  upper),  muscular  power,  cardiorespiratory  fitness,  bal¬ 
ance  (static  and  dynamic),  calcium,  vitamin  D  intake  and  fracture 
risk.  However,  because  of  a  lack  of  data  (<2  studies  and/or  <3  total 
g's  per  outcome),  meta-analysis  of  secondary  outcomes  was  limited 
to  changes  in  total  hip  BMD,  body  weight  and  BMI.  For  total  hip 
BMD,  g  was  calculated  using  the  same  procedures  as  for  our  primary 
outcomes,  FN  and  LS  BMD.  For  body  weight  and  BMI  the  original  met¬ 
ric  ES  for  each  group  from  each  study  was  calculated  by  subtracting 
the  change  score  difference  in  the  exercise  group  from  the  change 


score  difference  in  the  control  group.  Variances  were  calculated  from 
the  pooled  standard  deviations  of  change  scores  in  the  intervention 
and  control  groups. 


Effect  size  pooling 

All  ESs  were  pooled  using  a  random-effect,  method  of  moments 
model  [34].  This  approach  weights  studies  by  the  inverse  of  the  var¬ 
iance  and  incorporates  heterogeneity  into  the  model  [34],  For  both 
primary  and  secondary  outcomes,  pooling  was  limited  to  those  out¬ 
comes  with  a  minimum  of  3  ESs  from  at  least  2  studies.  Multiple 
groups  from  the  same  study  were  analyzed  both  independently 
and  with  multiple  groups  collapsed  so  that  only  one  ES  represented 
each  outcome  from  each  study.  For  g,  the  magnitude  may  be  consid¬ 
ered  as  trivial  (<0.20),  small  (>0.20  to  <0.50),  medium  (>0.50  to 
<0.80),  or  large  (>0.80)  [35],  A  two-tailed  z-score  alpha  value  of 
<0.05  was  considered  statistically  significant  while  alpha  values 
>0.05  but  <0.10  were  considered  as  a  trend.  Precision  was  deter¬ 
mined  using  two-tailed  95%  confidence  intervals  (CIs).  For  outcomes 
with  statistically  significant  results  or  a  trend  for  statistically  sig¬ 
nificant  results,  estimation  of  treatment  effects  in  a  new  trial  was 
calculated  using  95%  prediction  intervals  (PI)  [36-38].  Analysis 
of  secondary  outcomes  was  considered  exploratory  because  they 
were  not  part  of  the  inclusion  criteria,  and  thus,  may  represent  a 
biased  sample.  After  initial  pooling,  any  outcomes  with  statistically 
significant  residuals,  i.e.,  outliers  (p<  0.05)  were  deleted  from  all 
further  analysis. 
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Heterogeneity  of  pooled  results  based  on  fixed-effect  models  were 
examined  using  the  Q  statistic  and  I2,  an  extension  of  Q  that  more 
accurately  reflects  heterogeneity  [39],  The  alpha  value  for  statistical 
significance  for  Q  was  set  at  p<0.10.  For  I2,  values  of  25%  to  <50% 
may  be  considered  small,  50%  to  <75%  medium,  and  >75%  large 
[39].  Potential  bias  due  to  small-study  effects  was  examined  using 
the  approach  of  Duval  and  Tweedie  [40,41  ].  For  FN  and  LS  BMD,  influ¬ 
ence  analysis  was  conducted  in  order  to  examine  the  effects  of  each 
ES  on  the  overall  results. 

Moderator  and  meta-regression  analyses 

Given  the  small  number  of  ES's  for  each  outcome,  no  moderator  or 
meta-regression  analyses  were  performed. 

Software  used  for  statistical  analysis 

All  data  were  analyzed  using  Comprehensive  Meta-Analysis 
(version  2.2)  [42],  Microsoft  Excel  2007  [29]  and  SSC-Stat  (version 
2.18)  [43], 

Results 

Study  characteristics 

Of  the  1055  citations  reviewed,  three  studies  representing  nine 
groups  (five  exercise  and  four  control)  and  up  to  275  participants 
(152  exercise,  123  control)  met  all  eligibility  criteria  [25,44,45]. 
The  number  of  groups  exceeded  the  number  of  studies  because  two 
studies  included  more  than  one  intervention  group  [25,44],  A  flow  di¬ 
agram  that  describes  the  selection  of  studies  is  shown  in  Fig.  1  while  a 
general  description  of  the  included  studies  is  shown  in  Table  1.  A  list 
of  excluded  studies,  including  the  primary  reason(s)  for  exclusion,  is 
available  upon  request  from  the  corresponding  author. 

Two  of  the  included  studies  were  dissertations  [44,45]  while  the 
other  was  published  in  a  peer-reviewed  journal  [25].  All  three  were 
published  in  the  English-language  starting  with  the  year  2004  and 
ending  in  2011  [25,44,45],  One  study  was  conducted  in  the  United 
States  [45],  one  in  Australia  [25]  and  one  in  China  [44],  Prior  to  ran¬ 
domization,  one  study  matched  participants  by  age  and  calcium  intake 
[25]  while  another  matched  according  to  gender  [44].  However,  since 
the  focus  of  this  meta-analysis  was  on  men,  data  for  women  were  not 
included.  The  maximum  number  of  men  in  which  final  BMD  assess¬ 
ment  was  available  in  each  group  from  each  study  ranged  from  6  to 
44  in  the  exercise  groups  (mean±SD,  30  ±  15,  Mdn,  30)  and  9  to  43 
in  the  controls  (mean±SD,  31  ±16,  Mdn,  36).  None  of  the  studies 
used  a  crossover  design.  All  three  studies  provided  sample  size  esti¬ 
mates  [25,44,45], 


Participant  characteristics 

A  description  of  the  baseline  characteristics  of  participants  is 
shown  in  Tables  1  and  2. 

Within-study  ages  ranged  from  41  to  79  years  in  the  exercise 
groups  and  50  to  79  years  in  controls.  Dropouts  ranged  from  0%  to 
12.5%  in  the  exercise  intervention  groups  (mean±SD,  4.9%  ±4.6%, 
Mdn,  4.3%)  and  3.3%  to  10.0%  in  the  controls  (mean±SD,  5.6%  ± 
3.0%,  Mdn,  4.5%).  The  primaiy  reason  for  dropping  out  was  time 
constraints.  Other  reasons  included  moving  as  well  as  dissatisfaction 
with  participation  in  the  study.  No  serious  adverse  events  were 
reported.  For  those  studies  in  which  race/ethnicity  information  was 
available,  one  was  limited  to  Asian  participants  [44]  while  another 
was  limited  to  Whites  [25].  Two  of  the  studies  reported  that  none 
of  the  participants  were  taking  any  type  of  drugs  that  could  affect 
bone  metabolism  [25,45].  None  of  the  studies  appeared  to  include 
participants  who  had  osteoporosis  [25,44,45],  However,  one  study 
did  include  some  participants  with  osteopenia  [25],  For  cigarette 
smoking,  one  study  reported  that  some  participants  smoked  ciga¬ 
rettes  [44]  while  another  reported  that  none  did  [25],  With  respect 
to  alcohol  consumption,  one  study  reported  that  none  of  the  partici¬ 
pants  in  the  control  and  one  exercise  group  consumed  alcohol  while 
some  reportedly  consumed  alcohol  in  another  exercise  group  [44], 
No  change  in  exercise  habits  beyond  the  actual  exercise  intervention 
was  reported  by  one  study  [25],  For  calcium  and  vitamin  D  intake, 
two  groups  from  two  studies  received  supplemental  calcium  and 
vitamin  D  [25,45]  while  one  group  from  one  study  did  not  receive 
any  type  of  calcium  and  vitamin  D  supplementation  [25],  One  study 
reported  that  none  of  the  participants  had  a  history  of  fractures 
prior  to  study  entry  [25], 


Exercise  intervention  characteristics 

A  general  description  of  the  exercise  interventions  is  provided  in 
Table  1.  As  can  be  seen,  the  exercise  modalities  varied  both  within 
and  between  studies.  Length  of  exercise  training  took  place  3 
times  per  week  for  32  to  72  weeks  (mean±SD,  56 ±17  weeks, 
Mdn,  52  weeks).  Compliance  ranged  from  63%  to  96%  (mean±SD, 
72.4%  ±14.5%,  Mdn,  63%).  Three  groups  participated  in  supervised 
exercise  while  one  group  each  participated  in  combined  supervised 
and  unsupervised  exercise  or  unsupervised  exercise  only.  For  lo¬ 
cation,  three  groups  participated  in  facility-based  exercise  while 
one  group  each  participated  in  either  home  and  facility-based  ex¬ 
ercise  or  home-based  exercise  only.  Load  ratings  for  the  exercise 
interventions  ranged  from  10  to  1375  (mean±SD,  556.0  ±747.6, 
Mdn,  10). 


Table  1 

General  characteristics  of  included  studies. 


Study 

Country 

Participants 

Exercise  intervention 

BMD  assessment 

Hong  [44] 

China 

82  healthy  men  65  to  74  yrs  of  age  assigned  to  a  Tai 
Chi  (n=26),  resistance  training  (n  =  27,  or  control 
(n  =  29)  group 

3  days/wk:  Tai  Chi:  Yang  style,  24  forms,  45  min; 
Resistance  Training:  1  set,  30  reps,  7  exercises, 
Therabands  used  for  resistance;  for  12  months 

DEXA  (Hologic  QDR  4500 
Elite)  at  the  FN  &  LS 

Kukuljan 
et  al.  [25] 

Australia 

176  healthy  men  50  to  79  yrs  of  age  assigned  to  an 
exercise  (n  =  46),  exercise -1- milk  (n  =  43),  control 
(n  =  44)  or  milk  (n  =  43)  group 

3  days/wk,  60-75  min/session,  Resistance  Training: 

2-3  sets,  8-20  reps,  50-85%  1  RM,  6-8  exercises  plus  3 
moderate-impact  weight-bearing  exercises  (jumping 

8?  stepping)  in  between  resistance  exercises  3  sets  of 
10-20  reps,  for  18  months 

DEXA  (GE  Lunar  Prodigy) 
at  the  FN  &  LS 

Zeilman  [45] 

United  States 

16  sedentary  men  with  irritable  bowel  syndrome 

41  to  75  yrs  of  age  assigned  to  either  an  exercise 
(n  =  7)  or  control  (n  =  9)  group 

3  days/wk,  50  min/session,  stretching,  flexibility 
calisthenics  &  walking  with  weighted  vests  and  a 
pedometer,  for  32  wks 

DEXA  (Lunar  Prodigy)  at 
the  FN  &  LS 

Notes:  BMD,  bone  mineral  density:  DEXA,  dual-energy  X-ray  absorptiometry;  FN,  femoral  neck;  LS,  lumbar  spine;  yrs,  years;  min,  minute(s);  wks,  weeks;  wk,  week;  RM,  repetition 
maximum;  reps,  repetitions;  description  of  groups  limited  to  those  that  met  the  inclusion  criteria  for  the  current  meta-analysis;  description  of  BMD  assessment  limited  to  the  pri¬ 
mary  outcomes  of  the  current  meta-analysis  (FN  and  LS).  Number  of  subjects  limited  to  those  in  which  final  BMD  assessments  were  available. 
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Table  2 

Initial  physical  characteristics  of  participants. 


Variable 

Exercise 

Control 

Groups  (#) 

Participants  (#) 

Mean±SD 

Mdn 

Range 

Groups  (#) 

Participants  (#) 

Mean±SD 

Mdn 

Range 

Age  (yrs) 

5 

152 

62.0  ±7.4 

62 

51-69 

4 

123 

62.3.  ±4.0 

61 

59-68 

Body  weight  (kg) 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

BMI  (kg/m2) 

BMD  (g/cm2) 

3 

65 

26.4  ±4.4 

24 

23.6-31.4 

Femoral  neck 

3 

93 

0.907  ±0.040 

0.922 

0.862-0.938 

3 

94 

0.926  ±0.007 

0.927 

0.919-1.933 

Lumbar  spine 

5 

152 

1.105±0.135 

1.106 

0.950-1.247 

4 

123 

1.158±0.133 

1.218 

0.960-1.238 

Total  hip 

5 

146 

0.914±  0.109 

0.890 

0.774-1.026 

4 

123 

0.982.  ±0.092 

1.007 

0.850-1.062 

Notes:  Groups  (#),  number  of  groups  in  which  data  were  available;  participants  (#),  number  of  participants  nested  within  groups;  SD,  standard  deviation;  Mdn,  median;  BMD,  bone 
mineral  density,  BMI,  body  mass  index;  insufficient  data  (<3). 


BMD  assessment  characteristics 

All  three  studies  used  dual-energy  X-ray  absorptiometry  (DEXA) 
for  assessing  LS  and  FN  BMD  [25,44,45].  Two  studies  used  the  Lunar 
Prodigy  instrument  [25,45]  while  the  other  used  the  Hologic  QDR 
4500  [44].  With  respect  to  the  site  of  LS  BMD  assessment,  two  studies 
assessed  BMD  at  the  L2-L4  sites  [44,45]  and  the  other  at  the  L1-L4 
sites  [25],  Insufficient  data  were  reported  on  the  site-specific  reliabil¬ 
ity  of  the  instruments  for  assessing  FN  and  LS  BMD. 

Risk  of  bias  assessment 

All  three  studies  were  considered  to  be  at  a  low  risk  of  bias  with 
respect  to  randomized  sequence  generation,  blinding  and  incomplete 
outcome  data  (attrition  bias)  [25,44,45].  In  contrast,  all  three  studies 
were  considered  to  be  at  an  unclear  risk  for  bias  in  relation  to  alloca¬ 
tion  concealment  and  incomplete  outcome  reporting  [25,44,45]. 

Changes  in  primary  outcomes 

Changes  in  FN  BMD 

Changes  in  FN  BMD  are  shown  in  Table  3  and  Fig.  2.  Overall,  a 
moderate  and  statistically  significant  benefit  of  exercise  on  FN  BMD 
was  observed  as  well  as  a  trend  for  a  statistically  significant  and  mod¬ 
erate  amount  of  heterogeneity.  No  outliers  were  detected  and  no 
adjustment  for  small-study  effects  was  necessary.  The  95%  PI  was 

—  0.542  to  6.590.  With  each  group  deleted  from  the  model  once,  the 
study  by  Zeilman  [45]  had  the  most  significant  influence,  resulting 
in  a  large  and  statistically  significant  benefit  when  excluded  and 
non-significant  results  when  pooled  with  each  of  the  other  groups 
(Fig.  3).  When  results  were  collapsed  so  that  only  one  g  represented 
each  study,  results  were  small,  non-significant,  and  with  a  large  and 
statistically  significant  amount  of  heterogeneity  (g=  0.284,  95%  CI  = 

-  0.946,  1.514,  p  =  0.65,  Q=  5.2,  p  =  0.02, 12  =  80.8%). 


Changes  in  LS  BMD 

Changes  in  LS  BMD  are  shown  in  Table  3  and  Fig.  4.  As  can  be  seen, 
a  trend  for  a  small  and  statistically  significant  benefit  of  exercise  on 
LS  BMD  was  observed.  This  was  equivalent  to  a  relative  benefit  of 
approximately  1%.  No  heterogeneity  was  found.  In  addition,  no  out¬ 
liers  were  detected  and  no  adjustment  for  small-study  effects  was 
necessary.  The  95%  PI  was  —  0.176  to  0.556.  With  each  group  deleted 
from  the  model  once,  the  exercise  and  milk  group  in  the  study  by 
Kukuljan  et  al.  [25,45]  had  the  most  significant  influence,  resulting 
in  a  statistically  significant  benefit  of  exercise  on  LS  BMD  when  ex¬ 
cluded  from  the  model  (Fig.  5).  When  results  were  collapsed  so  that 
only  one  g  represented  each  study,  results  remained  small  with  a 
trend  for  statistical  significance  and  no  heterogeneity  (g=  0.190, 
95%  Cl  =  -  0.036,  0.416,  p  =  0.10,  Q=  0.04,  p  =  0.98,  / 2  =  0%). 

Changes  in  secondary  outcomes 

Changes  in  secondary  outcomes  are  shown  in  Table  3.  As  can  be 
seen,  no  statistically  significant  benefit  of  exercise  was  observed  at 
the  total  hip.  In  addition,  no  significant  heterogeneity  was  observed 
and  no  outliers  were  detected.  With  each  group  deleted  from  the 
model  once,  results  remained  non-significant.  When  findings  were 
collapsed  so  that  only  one  g  represented  each  study,  results  remained 
non-significant  with  a  small  amount  of  non-significant  heterogeneity 
(g  =  —  0.024,  95%  Cl  =  —  0.341,  0.294,  p  =  0.88,  Q=3.13,  p  =  0.21, 
/2  =  36.2%).  For  body  weight,  a  small  non-significant  reduction  was 
observed  as  well  as  no  statistically  significant  heterogeneity.  In  addi¬ 
tion,  no  outliers  were  found.  When  each  group  was  deleted  from 
the  model  once,  results  remained  non-significant  with  no  statistically 
significant  heterogeneity.  When  findings  were  collapsed  so  that  only 
one  ES  represented  each  study,  results  remained  non-significant  with 
a  small  amount  of  non-significant  heterogeneity  (  —  0.06  kg,  95%  Cl  = 
-0.24,  0.11  kg,  p  =  0.48,  Q=  0.58,  p  =  0.45, 12  =  0%).  For  BMI,  there 
was  a  trend  for  a  small,  statistically  significant  reduction  along  with 


Table  3 

Changes  in  primary  and  secondary  outcomes. 


Variable3 

ES 

(#) 

Participants 

<#) 

Mean  (95%  Cl) 

Z(p) 

Q(P) 

72(%) 

Primary 

Femoral  neck 

3 

187 

0.583  (0.031,  1.135) 

2.01  (0.04)* 

5.6  (0.06) 

64.0 

Lumbar  spine 

5 

275 

0.190  (-0.036,  0.416) 

1.65  (0.10)** 

3.0  (0.55) 

0 

Secondary 

Total  hip 

5 

269 

-0.035  (-0.270,  0.199) 

-0.30  (0.77) 

4.3  (0.37) 

6.0 

Body  weight  (kg) 

3 

103 

-0.06  (-0.24,  0.11) 

-0.71  (0.48) 

0.9  (0.64) 

0 

BMI  (kg/m2) 

3 

103 

-0.19  (-0.41,  0.02) 

- 1.75  (0.08)** 

0.7  (0.71) 

0 

a  Unless  noted  otherwise,  all  outcomes  are  reported  as  standardized  effect  size  (g);  ES,  effect  size;  #,  number;  participants  (#),  number  of  exercise  and  control  participants  nested 
within  ES's  and  studies;  Z(p),  z-score  and  alpha  value;  Q(p),  Cochran's  Q.  statistic  and  alpha  value;  I2  (%),  I-squared. 

*  Statistically  significant  (p<0.05). 

**  Trend  for  statistical  significance  (p>0.05  to  <0.10). 
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Study  name 

Subgroup  within  study 

Statistics  for  each  study 

Hedges's  g  and  95%  Cl 

Hedges's 

Lower 

Upper 

g 

limit 

limit 

Kukuljan  et  al.,  201 1 

exercise  and  milk 

0.911 

0.467 

1.355 

Kukuljan  et  al.,  2011 

exercise  only 

0.727 

0.291 

1.164 

— ■- 

Zeilman  III,  2007 

none 

-0.454 

-1.500 

0.592 

0.583 

0.031 

1.135 

-2.00 

-1.00  0.00  1.00 

Favors  Control 

Favors  Exercise 

Fig.  2.  Forest  plot  for  changes  in  FN  BMD.  Forest  plot  for  point  estimate  standardized  effect  size  changes  (g)  in  FN  BMD.  The  black  squares  represent  the  standardized  mean  differ¬ 
ence  (g)  while  the  left  and  right  extremes  of  the  squares  represent  the  corresponding  95%  confidence  intervals.  The  middle  of  the  black  diamond  represents  the  overall  standardized 
mean  difference  (g)  while  the  left  and  right  extremes  of  the  diamond  represent  the  corresponding  95%  confidence  intervals. 


no  statistically  significant  heterogeneity.  This  was  equivalent  to  a  rel¬ 
ative  reduction  of  approximately  2%.  No  outliers  were  observed.  The 
95%  PI  was  — 1.60  to  1.22  kg/m2.  With  each  group  deleted  from  the 
model  once,  this  trend  no  longer  existed  across  any  of  the  deletions. 
When  findings  were  collapsed  so  that  only  one  ES  represented  each 
study,  there  was  a  trend  for  a  small,  statistically  significant  reduction 
along  with  no  statistically  significant  heterogeneity  (  —  0.19  kg/m2, 
95%  Cl  =  -  0.41,  0.02  kg/m2,  p  =  0.08,  Q=  0.63,  p  =  0.43, 12  =  0%). 

Discussion 

To  the  best  of  the  authors'  knowledge,  this  is  the  first  meta¬ 
analysis  that  specifically  addresses  the  randomized  controlled  trial 
literature  with  respect  to  the  effects  of  ground  and/or  joint  reaction 
force  exercise  on  FN  and  LS  BMD  in  men.  Overall,  a  moderate  and 
statistically  significant  benefit  was  observed  at  the  FN  while  a  trend 
for  a  small  and  statistically  significant  benefit  was  observed  at  the 
LS.  However,  the  findings  for  both  FN  and  LS  BMD  were  sensitive  to 
influence  analysis  and/or  collapsing  multiple  groups  from  the  same 
study  so  that  only  one  g  represented  each  study.  For  FN  BMD,  the 
study  by  Zeilman  [45]  appeared  to  be  highly  influential.  Specifically, 
when  deleted  from  the  model,  the  overall  benefits  in  FN  BMD  were 
considered  to  be  large  and  statistically  significant.  However,  when 
included  with  either  of  the  other  two  studies  deleted  [25,44],  the 
overall  findings  were  no  longer  statistically  significant.  Furthermore, 
and  not  surprisingly,  FN  results  also  became  non-significant  when 


only  one  g  represented  each  study.  This  was  most  likely  the  result 
of  a  greater  influence  of  the  Zeilman  study  on  the  overall  results 
[45].  Finally,  the  PI  for  estimating  the  expected  results  of  a  new  trial 
crossed  zero  for  FN  BMD.  While  PI  should  not  be  confused  with  Cl 
since  the  former  are  based  on  a  random  mean  effect  while  Cl  are 
not  [36],  PI  may  be  beneficial  for  future  researchers  interested  in 
conducting  randomized  controlled  intervention  trials  addressing  the 
effects  of  ground  and/or  joint  reaction  force  exercise  on  FN  BMD 
in  men. 

While  the  overall  results  for  LS  BMD  were  not  statistically  signifi¬ 
cant,  there  was  a  trend  for  a  small,  statistically  significant  benefit 
(p  =  0.1 0)  with  no  apparent  heterogeneity  when  analyzed  at  both 
the  group  and  study  level.  However,  results  were  statistically  signifi¬ 
cant  when  the  exercise  and  milk  group  in  the  study  by  Kukuljan  et  al. 
[25]  was  deleted  from  the  model.  The  influence  of  this  group  on  the 
overall  results  may  have  been  the  result  of  the  g  for  this  study  being 
calculated  based  on  the  difference  between  an  exercise  and  milk 
versus  milk  only  group  as  opposed  to  an  exercise  only  versus  non¬ 
intervention  control  group.  In  contrast,  changes  in  LS  BMD  were  no 
longer  statistically  significant  when  the  other  groups  were  deleted 
from  the  analysis.  Finally,  the  PI  for  estimating  the  expected  results 
of  a  new  trial  included  zero. 

Given  the  small  number  ofg's  included  and  the  instability  of  results, 
it  is  believed  that  there  is  currently  insufficient  evidence  to  recommend 
exercise  as  a  singular  intervention  for  improving  and/or  maintaining 
FN  and  LS  BMD  in  men.  However,  similar  to  recent  clinical  practice 


Study  name  Subgroup  within  study 


Point 

Kukuljan  et  al.,  2011 

exercise  and  milk 

0.236 

Kukuljan  et  al.,  2011 

exercise  only 

0.314 

Zeilman  III,  2007 

none 

0.818 

0.583 

Statistics  with  study  removed 


Lower 

limit 

Upper 

limit 

Z-Value 

p-Value 

-0.905 

1.377 

0.405 

0.685 

-1.013 

1.641 

0.464 

0.643 

0.506 

1.129 

5.147 

0.000 

0.031 

1.135 

2.071 

0.038 

-2.00 


Hedges's  g  (95%  Cl)  with  study  removed 


-1.00  0.00  1.00  2.00 
Favors  Control  Favors  Exercise 


Fig.  3.  Influence  analysis  for  changes  in  FN  BMD.  Influence  analysis  for  point  estimate  standardized  effect  size  changes  (g)  in  FN  BMD  with  each  corresponding  study  deleted  from 
the  model  once.  The  black  squares  represent  the  standardized  mean  difference  (g)  while  the  left  and  right  extremes  of  the  squares  represent  the  corresponding  95%  confidence 
intervals.  The  middle  of  the  black  diamond  represents  the  overall  standardized  mean  difference  (g)  while  the  left  and  right  extremes  of  the  diamond  represent  the  corresponding 
95%  confidence  intervals.  Results  are  ordered  from  smallest  to  largest  values  of  g. 
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Study  name 

Subqroup  within  study 

Statistics  for  each  study 

Hedges's 

Lower 

Upper 

9 

limit 

limit 

Hong,  2004 

tai  chi 

0.267 

-0.246 

0.780 

Hong,  2004 

weight  training 

0.172 

-0.344 

0.687 

Kukuljan  et  al.,  2011 

exercise  and  milk 

-0.088 

-0.511 

0.334 

Kukuljan  et  al.,  2011 

exercise  only 

0.436 

0.009 

0.864 

Zeilman  III,  2007 

none 

0.181 

-0.854 

1.216 

0.190 

-0.036 

0.416 

-2.00 


Hedges's  q  and  95%  Cl 


-1.00  0.00  1.00  2.00 


Favors  Control  Favors  Exercise 


Fig.  4.  Forest  plot  for  changes  in  LS  BMD.  Forest  plot  for  point  estimate  standardized  effect  size  changes  (g)  in  LS  BMD.  The  black  squares  represent  the  standardized  mean  difference 
(g)  while  the  left  and  right  extremes  of  the  squares  represent  the  corresponding  95%  confidence  intervals.  The  middle  of  the  black  diamond  represents  the  overall  standardized 
mean  difference  (g)  while  the  left  and  right  extremes  of  the  diamond  represent  the  corresponding  95%  confidence  intervals. 


guidelines  by  the  Endocrine  Society  on  osteoporosis  in  men  [46]  it  is 
suggested  that  men,  especially  those  at  risk  for  osteoporosis,  participate 
in  regular  exercise.  While  the  Endocrine  Society  guidelines  suggest  that 
men  participate  in  weight  bearing,  i.e.,  ground  reaction  force  exercise, 
three  to  four  times  per  week  for  30  to  40  min  per  session,  the  American 
College  of  Sports  Medicine  Position  Statement  suggests  that  adults  par¬ 
ticipate  in  ground  reaction  force  exercise,  i.e.,  weight  bearing  endurance 
exercise,  3  to  5  times  per  week  for  30  to  60  min  per  session  as  well 
as  joint  reaction  force  exercise,  i.e.,  weight  training,  2  to  3  times  per 
week  [47].  Despite  the  current  lack  of  convincing  evidence  to  support 
the  use  of  exercise  for  improving  and/or  maintaining  FN  and  LS  BMD 
in  men,  it  would  seem  plausible  that  adherence  to  the  latter  would  be 
more  appropriate,  especially  given  the  other  benefits  and  minimal  risk 
derived  from  participation  in  both  [47,48]. 

For  secondary  outcomes,  the  overall  results  indicated  no  statistically 
significant  changes  for  total  hip  BMD  or  body  weight.  However,  there 
was  a  trend  for  a  statistically  significant  reduction  in  BMI.  While  these 
results  are  interesting,  secondary  outcomes  in  any  meta-analysis  should 
be  viewed  with  caution  since  they  may  represent  a  biased  sample  given 
that  they  are  only  included  if  data  for  the  primary  outcomes  of  interest 
are  available. 

While  the  results  of  the  current  meta-analysis  are  important,  they 
should  be  viewed  with  regard  to  the  following.  First,  the  number  of 
results  for  both  FN  and  LS  BMD  was  small.  While  some  might  consider 


the  number  of  results  too  small  for  meta-analysis,  it's  important  to 
realize  that  one  of  the  very  reasons  for  conducting  a  meta-analysis 
is  when  the  number  of  results  for  a  particular  outcome  is  small.  To 
support  this  contention,  the  Cochrane  Collaboration  currently  recom¬ 
mends  a  minimum  of  two  studies  for  inclusion  in  a  meta-analysis 
[49J.  The  inclusion  of  a  small  number  of  studies  in  meta-analyses  is 
common.  For  example,  Davey  et  al„  recently  reported  that  the  median 
number  of  studies  included  in  a  meta-analysis  was  three  with  an 
interquartile  range  of  2  to  6  [50].  Thus,  the  currently  reported  meta¬ 
analysis  is  consistent  with  contemporary  practice.  In  addition,  a  min¬ 
imum  of  2  studies  seems  reasonable  given  that  multiple  participants 
are  nested  within  each  study.  The  former  notwithstanding,  the  small 
number  of  studies  in  the  current  meta-analysis  may  limit  one  from 
generalizing  beyond  the  populations  included  in  each  of  the  studies. 
Clearly,  additional  randomized  controlled  trials  addressing  the  effects 
of  exercise  on  FN  and  LS  BMD  in  men  are  needed.  This  recommendation 
is  consistent  with  the  2008  US  Department  of  Health  and  Human 
Services  Physical  Activity  Guidelines  for  Americans  [51  ]. 

Second,  two  of  the  three  studies  included  in  the  current  meta-analysis 
were  dissertations  [44,45].  Some  might  consider  the  inclusion  of  such  as 
inappropriate  because  of  the  perception  that  they  are  of  lower  quality 
when  compared  with  research  published  in  peer-reviewed  journals. 
However,  in  a  recent  study  by  Moyer  et  al.,  it  was  concluded  that  un¬ 
published  dissertations  should  be  included  in  comprehensive  literature 


Study  name 

Subgroup  within  study 

Statistics  with  study  removed 

Point 

Lower 

limit 

Upper 

limit 

Z-Value 

p-Value 

Kukuljan  et  al.,  2011 

exercise  only 

0.095 

-0.172 

0.361 

0.697 

0.485 

Hong,  2004 

tai  chi 

0.172 

-0.080 

0.424 

1.336 

0.182 

Zeilman  III,  2007 

none 

0.191 

-0.042 

0.424 

1.605 

0.108 

Hong,  2004 

weight  training 

0.195 

-0.058 

0.448 

1.508 

0.131 

Kukuljan  et  al.,  2011 

exercise  and  milk 

0.302 

0.034 

0.569 

2.211 

0.027 

0.190 

-0.036 

0.416 

1.649 

0.099 

Hedges’s  g  (95%  Cl)  with  study  removed 


-1.00  -0.50  0.00  0.50  1.00 
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Fig.  5.  Influence  analysis  for  changes  in  LS  BMD.  Influence  analysis  for  point  estimate  standardized  effect  size  changes  (g)  in  LS  BMD  with  each  corresponding  study  deleted  from  the 
model  once.  The  black  squares  represent  the  standardized  mean  difference  (g)  while  the  left  and  right  extremes  of  the  squares  represent  the  corresponding  95%  confidence  inter¬ 
vals.  The  middle  of  the  black  diamond  represents  the  overall  standardized  mean  difference  (g)  while  the  left  and  right  extremes  of  the  diamond  represent  the  corresponding  95% 
confidence  intervals.  Results  are  ordered  from  smallest  to  largest  values  of  g. 
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reviews,  including  meta-analyses  [52].  Overall,  they  found  that  unpub¬ 
lished  dissertations  were  not  of  lower  quality  when  compared  to  those 
that  were  eventually  published  [52],  In  addition,  doctoral  dissertations 
are  (1)  easy  to  access  in  comparison  to  other  forms  of  gray  literature, 
(2)  free  from  some  types  of  bias  common  in  peer-reviewed  litera¬ 
ture,  and  (3)  reported  thoroughly  [52].  To  further  support  the  inclu¬ 
sion  of  unpublished  work  such  as  dissertations,  Cook  et  al.,  found 
that  approximately  80%  of  meta-analysts  and  methodologists  felt 
that  unpublished  material  should  definitely  or  probably  be  included 
in  meta-analyses  [53], 

Third,  because  of  the  stricter  study  inclusion  criteria  for  the  cur¬ 
rent  meta-analysis,  including,  lack  of  previous  exercise,  study  design 
(randomized  controlled  trials  only)  and  site  assessed  (FN  and  LS), 
none  of  the  studies  from  the  previous  meta-analysis  in  men  con¬ 
ducted  more  than  a  decade  ago  met  the  criteria  for  inclusion  [19],  In 
addition,  five  randomized  controlled  trials  published  since  the  last 
meta-analysis  were  also  excluded.  The  reasons  for  exclusion  included 
(1)  no  clear  indication  of  whether  participants  were  physically  active 
prior  to  enrollment  [54],  (2)  participants  serving  as  their  own  control 
[55],  (3)  previously  exercising  participants  who  were  also  allowed  to 
exercise  outside  their  intervention  assignment  [56],  (4)  no  compara¬ 
tive  control  group  (both  groups  exercised)  [57]  and  (5)  a  lack  of  data 
specific  to  the  FN  and  LS  and  which  appeared  to  be  strikingly  similar 
to  the  included  dissertation  by  Hong  but  with  different  authors  [44]. 
Furthermore,  two  excluded  studies  included  both  men  and  women 
but  separate  data  were  not  available  for  calculation  of  gs  according 
to  gender  [58,59].  Given  the  former,  it  is  the  investigative  team's 
belief  that  this  new  versus  updated  meta-analysis  better  reflects  the 
current  state  of  the  randomized  controlled  trial  literature  with  re¬ 
spect  to  exercise  and  FN  and  LS  BMD  in  men. 

Conclusions 

There  is  insufficient  evidence  at  this  time  to  recommend  ground 
and/or  joint  reaction  force  exercise  for  improving  and/or  maintaining 
FN  and  LS  BMD  in  men.  Additional  well-designed  randomized  con¬ 
trolled  trials  in  men  are  needed  before  any  final  recommendations 
can  be  formulated. 
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